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I. SUMMARY 


This report contains the results of a two-year effort to design, 
develop and operate automated equipment for the interconnection of 
solar cells and lamination of cell circuits into modules* The 
overall objective was to effect near-teirm reduction of silicon 
solar cell array costs so as to achieve the 1986 goal of $0.70/W*. 

The program consisted of four sections: 1) design of a module that H 

lends Itself to automated assembly. 2) design and development of 
prototype equipment for the interconnection and lamination of solar 
cells into a completed module, 3) the operation of a pilot production 
line using the equipment developed in this program, and 4) perform 
a cost analysis of the production run. 

This program was originally proposed as a 1 2 month effort. However, 
because of the complexity of the soldering equipment task the 
program was extended to 27 months. In late 1979, a prototype element 
of the soldering machine was implemented into the module production 
operation. This section of the machine consisted of a roller 
transport mechanism integrated with an electromagnetic induction 
coil** for soldering continuous ribbon interconnects to the front of 
solar cells. In a fashion, it was the first step in the mechanization 
of soldering or "tabbing” solar cells, and this simple mechanism 
has reliably tabbed about 1 .8 million solar cells to date. 

In mid-1980, the lamination system began operation in ARGO Solar's 
automated solar panel facility in Camarillo, California. This 

* All costs in this report are given in 1980 dollars. 

** The automated soldering machine was subssequently redesigned to 
use an infrared heat source. 


prototype system has produced FV modules representing In excess of 
one megawatt. The pilot production line operation Integrating the 
completed soldering and lamination equipment was successfully con- 
ducted In April 1981. 

The following achievements were made on this program; 

** a lamination system capable of producing 20 modules /hour 

® a soldering machine capable of Interconnecting 900 cells /hour 

® *a cost reduction of approximately 40% In module materials and 
labor 


* Final SAMICS Format 'A's in this report have not been run. 
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The 


IX. INTRODUCTION 


The objective of this p7;ogram w&a to effect near-term cost reduction 
In the assembly of solar cell arrays through development of automated 
module assembly equipment. The specific tasks were to*. 1) design 
a solar cell module that facilitates automated fabrication, 2) 
design and develop automated solar cell soldering and laminating 
equipment, and 3) operate a pilot production line with the developed 
equipment and achieve the following: 

® solder interconnects - 12 cells/minute 
** laminate modules - 12 modules /hour 

** reduce module assembly and material costs to $0,67/W based 
on the following assumptions; 

total estimated module cost - $2.24/W (ref.) 

[ finished estimated solar cell cost - $1 .57/W (ref . ) 

net module assembly/materials cost - $0.67/W (goal)* 

I The initial stage of the program was devoted to concept development 

' and proof of approach through simple experimental verification. In 

this phase, laboratory bench models were built to demonstrate and 
verify concepts. Following this phase was machine design and 
integration of the various machine elements. The third phase was 
f machine assembly and debugging. In this phase, the various elements 

were operated as a unit and modifications were made as required. 

The final stage of development was the demonstration of the equipment 
in a pilot production operation. 

( 

* Assembly cost goal includes realized yields and is based on 
i assumed annual production rate of 1.0 megawatts. 
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APPROACH TO AUTOMATED DESIGN 

Th« origin of modulo siz« find conf igurfition In th« &«rrfi«t:rifil 
photovoltfiic markfit aroae from battery charging raquiramanta* 

In esaanca, charging 12 VDC batteriaa raquiraa a PV moduXt 
with 33-35 solar cells connected in sariea to produce 14-15 
VDC, Modules typically used 75-100 mm (3-4 inch) diameter 
cells producing 1-2 ADC so that most modules had a single series 
string* or 3-4 strings side-by-side for purposes of providing a 
module of a manageable length and width. 

Early ARCO Solar designs used a rectangular shaped circuit of 3 
strings (75 mm cells nested side-by-side for space efficiency) 
of series-connected solar cells as shown in Figure 1 , This 
module was used in the LSA Block III procurement. 

In early 1979, the LSA Block IV module design contracts were 
awarded and it was this design that was developed with automated 
assembly as its theme. Photovoltaic (PV) applications were 
still tied to battery charging at this time so ARCO Solar 
elected to develop automated interconnection of simple series 
strings. The two distinct advantages to this approach are; 1) 
the form of simple reels of ribbon interconnects available, and 
2) the opportunity to provide redundancy and enhance reliability 
of the circuit. These features are illustrated in Figures 2 
and 3. It was determined at this early stage that future 
circuit configurations requiring parallel and series combina- 
tions could be simply handled by taking multiple series strings 
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ARGO Solar BLOCK III MODULE • CONFIGURATION 


CELL INTERCONNECTION WITH RIBBON REELS 



USING REELS OF CONVENTIONAL COPPER RIBBON 
(SOLDER PLATED) TO FORM SERIES STRING OF 

SOLAR CELLS FUTURE VARIATION IN CIRCUIT 

(MODULE) LENGTH IS SIMPLY HANDLED BY CUTTING 
BETWEEN INTERCONNECTED CELLS AS NEEDED . 
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OLD APPROACH 

Call s«ri<is connected 
at adg« only — 

Lrokan call raaulti 
in o^«n circuit 





NEW APPROACH 

Cells have ribbons 
connected over full 
diameter ( front & 
back)- minimizes 
effect of broken 
cell 


IMPROVED INTERCONNECT RELIABILITY 


* 

of any desired lengCh and end-connecting the correct polarities 
This Is depicted In Figure 4* 

In designing the 16-2000 module the approach to cell Inter- 
connection and the use of 100 mm (4 Inch) diameter solar cells 
represent the greatest departures from the Block 111 design* 

The basic superstrata design was retained and the module size 
was Increased to accommodate the 100 mm solar cell. Figures 5 
and 6 are drawings of the circuit and module respectively. 

Other changes included an extruded frame for sealing, mounting 
and providing structural rigidity for housing module termina- 
tions and a Korad/metal foil back cover for improved protection 
for the circuit and encapsuiant. 

MATERIALS OF CONSTRUCTION 

The rationale in material selection for the 16-2000 module was 
to approach a 20 year life and implement cost reductions estab- 
lished by the Low-Cost Solar Array Project (LSA) goals. 

Tempered glass* was retained as the module superstrata material 
because of its demonstrated long-life and its excellent optical, 
thermal and mechanical properties. Polyvinyl butyral** (PVB- 
SR1 1 ) was also retained from the former module design because 
of its proven performance and approach to automating the 
encapsulation (lamination) of cell circuits. The number of 
layers of PVB utilized is four. 

An important design improvement in this new module was the 


ASG Industries 


r«pl&cem«nt of tha mstal pan with an axtrudad molding. 

The advantages of this change were Improved structural rigidity, 
better access to the module terminations, ease of array assembly 
and lower operating temperatures. The framing approach also 
facilitated mechanized assembly and the introduction of a low- 
cost sealant suitable for high volume applications. The aluminum 
was applied with an architectural finish that improves corrosion 
resistance in a terrestrial environment. 

The edge sealant was changed from a alcanized rubber sealant* 
to a butyl hot melt**. The reasons for this change were two- 
fold; 1) it was discovered in temperature/humidity testing that 
the catalyst (typically an inorganic oxide) was causing the PVB 
to crosslink and discolor at the perimeter of the module, and 
2) this sealant was not suitable for the high volume assembly 
of modules. 

The final change to the module was the replacement of the 
Tedlar*** back cover material with a Korad-coated mild steel 
to improve its hermetic! ty to water vapor and other gaseous 
pollutants. The addition of this barrier virtually eliminated 
the passage of oxygen which, in the presence of ultraviolet 
light (UV) , can cause degradation of the PVB. 

C. ELECTRICAL AND THERMAL CHARACTERISTICS 

The I-V characteristic of the 16-2000 module is shown in 

* MIL-S-8802D (9 Dec. 1974) sealing compound 

** H.B. Fuller Co., Minneapolis, Minnesota 
Borg -Warner Co. 

■k-kie* Dupont Co . , Wilmington, Delaware 
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CELLS WOULD BE MACHINE SOLDERED IN SERIES 

AND CUT AT 6 CELLS INSTEAD OP 11 

STRINGS WOULD- BE ARRANGED INTO CIRCUIT 
AND END CONNECTED AS SHOWN. 



16-2000 CIRCUIT 
FIGURE 5 

- 11 - 
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FIGURE 6 


Figure 7 and reflects the power increase resulting from the 
larger 100 mm diameter solar cell and higher efficiency due to 
lower operating temperature. 

An important cnange in operating characteristics is the lower 
Nominal Operating Cell Temperature (NOGT) of the ASI 16-2000 
module. It has been determined to be 47 ®C as compared with 
58®C of the Block III module. This is a direct result of 
changing the pan- type frame which was producing a ’’greenhouse'* 
effect at the rear of the module. 

D. PROOF OF DESIGN TESTING 

In the development of Che 16=2000 design, two types of rigor- 
ous tests were applied to module co,/i?ponents (during in-house 
testing by ARGO Solar); thermal cycling to reveal undesirable 
material combinations in which thermal strains might be induced, 
and humidity cycling to expose areas of permeation to moisture 
and its consequences. 

Thermal Cycling: 

Conditions No. Cycles No. Modules 

-40®C to +90®C 750 6 

The temperature ramp was 100®G/hour maximum in accordance with 
JPL environmental test procedures. Electrical tests and visual 
examinations were conducted following each 100 cycles. No 
significant physical changes were observed after 750 cycles 
and all I-V measurements were within 1% of initial values. 
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Humidity Cyclings 



Conditions 

No. Cycles 

No. Modules 

23-75®C 

60 (one/day 

12 

95% RH 

for 60 days) 



The temperature ramp was done In accordance with MIL-STD-81 OC, 
Method 507.1 (2 hours from low to high, 16 hours dwell at high 
temperature). The one departure from this method was that the 
upper temperature was increased from 40.5*C to TS’C, Six of 
the twelve modules had a Tedlar* backing while the balance had 
a Korad-steel-Korad** backing. Within three days there was 
evidence of moisture penetration of the Tedlar and debonding in 
isolated areas of the PVB from the glass. The foil-backed 
modules exhibited no change in the laminate or evidence of 
moisture ingress. 
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IV. AUTOMATED EQUIPMENT DESIGN 


SOLAR CELL ASSEMBLY PROTOTYPE (SOAP) 

Th« purpoao of the Solar Cell Assembly Prototype (SGAP) la to 
interconnect solar cells into a continuous single series string. 
Figure 8 Is a schematic of the first machine concept. This 
first machine consisted of five elements: 

1 , wafer unloading (not shown) 

2, ribbon feed and deployment 

3, soldering mechanism 

4, solder flux removal 

3. handling strip attachment station 

Wafer handling or unloading Is the process of removing completed 
solar cells from a plastic cassette into the machine, one at a 
time. The ribbon feed is two storage reels of solder plated 
copper ribbon, a roller feed mechanism and a shear for dispensing 
controlled lengths of dual interconnects to the solar cell. 

The soldering mechanism is simply a transport/clamping/heating 
device that produces solder connections between the solar cell 
metallization and copper ribbon. Solder pasta (a thick film 
product of solder particles, vehicle and flux) is pre-applied 
to the finished solar cells prior to entering thw SCAP. Solder 
flux removal is the process of cleaning the residual flux in a 
fluorinated hydrocarbon/alcohol mixture in an ultrasonic tank. 

The handling strip attachment station is the application of a 
perforated plastic strip to the bottom of the completed solar 
cell string for purposes of handling. 








In this first muchins conctpti waftr tran^^port and alignioant 
from tha caaaatta to th« soldtring head was to be achieved by 
using a gravity feed. This Is evident In Figure 8 from the 
slope of this section of the machine. 

The first soldering approach was a conductive method. This is 
depicted in Figure 9. In this design, two opposed, resistively 
heated copper heads were moved to the cell by a cam operation; 
soldering was achieved with attendant cooling; the heads were 
then moved away from the cell and it was advanced to the next 
position via gravity feed* A working model of the soldering 
mechanism was fabricated and bench tests of this approach were 
conducted. The following problems were encountered with this 
approach: 

1. Lubrication of hot moving parts without contamination of 
the solar cells with lubricant. 

2. Temperature control of heads and cooling of cells prior to 
transport. 

3. Obtaining a non-stick heating surface. 

4. Complexity of heating mechanism. 

5. Cell breakage and alignssmt problems associated with gravity 
feed. 

The most significant problem was the difficulty in obtaining a 
non-stick surface on the heating mechanism. A hard, chrome 
plate finish was first attempted with some success. However, 
after some use, the remaining rosin from the flux did not permit 
separation. A second approach was to use TFE Teflon* impregnated 
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into tht flurfAct of the toldtring h«Ad. Thli, toOf prt«tnttd 

probX«m8 with stpArAtlon of Cht Inttrconnfcts from tht htad 
tfttr 8omt UAt« Finally, an tltctroltsa nicktl plating that 
waa fumact-oxidiztd waa uatd with grtattr aucctaa, howtvtr, it 
alao had aimllar probltma. Early in tht program thia approach 
to aoldtring waa abandontd in favor of auch non-contact ap- 
proachta aa tltctromagnttic induction and infrartd htating, 

A atcond tltmtnt of tht original machine that waa dtaigntd, 
ttattd and abandontd was tht handling atrip attachment station. 
It was originally thought that tht solar cell strits string 
would require stiffening before it could be taken from the 
machine and handled. The addition of this feature would also 
allow a more precise spacing control between cells. This 
machine element was similar in operation to the ribbon feed 
and soldering mechanism; a roll of perforated, adhesive-backed 
Mylar* Is fed beneath the emerging solar cell string, the 
cell and Mylar tape are heated, pressed together via transport 
rollers and the finished string proceeds to a cutoff area 
where strings are cut to appropriate length. The perforated 
Mylar is shov*n in Figure 10. 

This machine element was similarly abandoned early in the 
program for two reasons: first, it was learned that a series of 
interconnected solar cell strings with dual redundant ribbons 
could be readily handled on large diameter (20-25 cm/8-10 
inches) reels as it emerged from the soldering-defluxing opera- 
tion; second, the cost of a module - compatible plastic film 
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for handling was about $0. 003/cm ($0. 10/foot) • This amounted 
to $0* 90/module. 

The concepts for wafer unloading, ribbon feed and solder flux 
removal remained essentially unchanged and will be discussed In 
succeeding sections. 

1 . SOLAR CELL HANDLING AND TRANSPORT ^ 

Preparation of solar cells for use In the SCAP required the 
application of a solder paste. The paste Is applied by 
screen printing and handling of cells is done through the 
use of polypropylene cassettes familiar to the semiconductor 
industry*. Each cassette accommodates 25-100 mm cells and 
is compatible with automated loading equipment**. 

Initial work centered around the use of this handling 
equipment, however, no equipment was available for handling 
multiple cassettes. The goal in soldering for this program 
was 12 cells/rainute, and in order to best utilize the 
machine operator a cassette handler/unloader was built*** 
with expansion capability to accommodate 4-5 cassettes. 

This equipment is shown in Figure 11. It consists of a 
vertical magazine of cassettes that are driven downward by 
sychronous motors, one wafer at a time. When the cassettes 
are loaded with cells, the pusher bar displaces a wafer out 
of the cassette into a wafer alignment/transport conveyor. 

The pusher bar then retracts to its rest position and the 
*Fluoroware, Co., Chaska Minnesota 
**Silec, Sunnyvale, California 
***Kinematics , Princeton, New Jersey 



cas8<stte stack moves down one wafer position* When a 
cassette is emptied, It drops out of the magazine Into a 
chute and finally out of the machine Into a basket of 
cassettes. The machine rate was designed for a range of 1- 
20 cells /minute so that the program goal of 12 cells /minute 
could be easily accommodated. The one important requirement 
of the loaded cassettes was the orientation angle of the 
flats of the solar cells relative to the pusher bar. 

This is illustrated in Figure 12, In order to insure proper 
orientation all cassettes were placed on a flat-finder 
prior to loading of the magazine. 

From the cassette unloader cells are moved onto a set of 
rails where the alignment and transport occur. As the 
cell moves onto the rails, a second pusher bar transports 
the cell into the alignment grips of the conveyor. This is 
shown in Figure 13, Using the principal of a flat and two 
points (the flat being the second pusher bar while the 
points are the forward grips of a station on the conveyor), 
alignment is effected simultaneously with forward motion of 
the cell into the ribbon application area. The conveyor is 
shown in Figure 14. 

The conveyor consists of two gear-synchronized tracks with 
13 alignraent/transport stations. Like the cassette unloader 
the rate is variable between 1-20 cells/minute. 
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FIGURE 12 
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RIBBON FEED AND DEPLOYMENT 

The first concept for ribbon feed and deployment was to 
push the ribbon from reels Into guide tubes and onto or 
below the cell. This Idea Is shown In Figure 15. Typically 
the ribbon materials are "pulled" from one end for deployment 
since their stiffness precludes "pushing" due to buckling. 
Preliminary tests on .05 mm (.002 Inch) thick copper ribbon 
by 2.6 mm (.1 Inch) wide Indicated that It could, In fact, 
be "pushed" through properly designed guides onto or beneath 
the cell with horizontal alignment of t .38 mm (.015 Inch) 
over a length of 10.2 cm (4 Inches), the length of a 100 mm 
solar cell. A bench model of this concept was fabricated 
and tested succegsfully to demonstrate proof of approach. 

A search was then made of industries using and/or manufac- 
turing ribbon or rod feeding equipment. A company* that 
builds equipment for feeding welding rod was found and 
contracted to build a modified rod feeder to handle ribbon. 

A shear was designed in-house and integrated with the 
ribbon/feeder. 

SOLDERING METHOD 

As mentioned in Section IV A., the first approach to 
soldering interconnect was conduction and this was abandoned 
in favor of non-contact approaches such as electromagnetic 
induction and infrared heating, the former being the primary 
choice with infrared as a backup. Historically, solar cells 
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RIBBOA/ RBEO AND DePLO/AfRA/r 


FIGURE 15 


hav« ba«n appllad with short ribbon tabs whlXa tha call is 
in a flxad position and soldarad whila baing clampad 
together. The application of dual full-length ribbons to 
the call while it was in motion appeared feasible, particu- 
larly if rollers could clamp the ribbon and cell together 
long enough for solder Joint formation to occur. It was 
experimentally determined, in the prior section, that long 
ribbons could be reliably fed above or below the solar 
cell. The next step was to examine the use of RF induction 
as a heat source to complement this approach to soldering 
solar cells. 

Following some preliminary screening of RF power supplies 
and successful attempts to solder full length ribbons to 
solar cells in a fixed position, a 3 kW RF induction power 
supply was purchased*. A bench top roller mechanism was 
designed and integrated with the RF power supply and work 
coil. This is shown in Figure 16. In early tests two 
reels of solderplated copper ribbon (not shown) were fad 
through two sets of rollers and cells were located beneath 
the ribbons and similarly sent through the rollers as the 
RF power was activated. The cells were pre-applied with 
Sn62 solder paste (Sn62/Pb36/Ag2) having a moderately ac- 
tive rosin flux (RMA) . 

The RF work coil, located between the two sets of rollers 
and below the cell, was a double hairpin designed to induce 
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currant £Xo;'T In tha solar call grid linas and subsaquant 
haatlng of tha silicon* A piaca of Kapton* polymida film 
was attached to tha work coil so as to pravant flux rasidua 
from dripping onto the coil. In Table 1 » results of aarly 
call interconnection are given. Figure 17 is a photograph 
of tha contact pull test sat-up used for measuring solder 

I 

connection strength* 

Using optical methods, measurements of temperature uniform- 
ity were made as the solar cell tranversed the RF coll. 

In these tests it was found that the side of the cell 
closest to the power supply operated at slightly higher 
temperatures than the side farther from the power supply. 

Also, the temperature of the leading edge of the cell was 
found to be lower than the trailing edge. This probably 
results from wafer heating at the leading edge with subse- 
quent conduction to the trailing edge in addition to the 
effects of normal induction heating. Figure 18 is the 
outline of a cell with the observed temperature gradients. 

Further refinements of the work coil, roller clamping and 
drive mechanism gave rise to a useful mechanism that could 
be used for applying dual ribbon interconnects to the front 
of individual solar cells (in a so-called "tubbing" opera- 
tion) and resulted in lower labor content. In August 
1979, this simple SCAP machine element was integrated into 
ARGO Solar's regular module production facility and has 
reliably soldered about 2,000,000 - 100 mm solar cells. 
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TABLE 1 

INDUCTION SOLDERING OF SOLAR CELLS 


TRANSPORT 

RF POWER 

CONTACT* 

NO. 

FEED (CM/ SEC) 

SETTING (X) 

PULL TEST (QMS) 

SAMPLE 

2.5 

60 

350 - 600 

50 


* 90“ PULL TEST OF COPPER RIBBONS FROM SOLAR CELL USING UNITEK 
MICROPULL #6-092 
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FIGURE 18 




4. SOLDER FLUX REMOVAL 


This first attempts at solder flux removal was to devi'^lop an 
in-line solvent spray system. This approach is depicted in 
Figure 19. Based on rates of 2.5 cm/ sec. travel through 
the SOAP, it was not possible to remove flux residue with a 
spray system using chlorinated solvents such as 1-1-1 
trichloroe thane, methylene chloride as well as solvent 
blends using Freon*-alcohol aze tropic mixtures. Evidence 
of rosin presence was determined both visually and colori- 
metrically**. 

Insufficient removal of flux residue is believed to be a 
direct result of the interconnect/cell metallization config- 
uration. This is shown in Figure 20. The second approach 
was to use a warm ultrasonic solution of the aforementioned 
solutions, determine the dwell time required for residual 
flux removal, and design a tank that renders sufficient 
residence time for flux removal. It was determiined that 
40 seconds dwell in Freon TMS Plus* (90% Freon, 5% ethanol 
and 5% methanol with a stabilizer) was effective in removal. 
Figure 21 is the resulting tank designed to provide this 
required residence time and be integrated as an in-line 
component***. The tank was equipped with refrigeration 
coils to minimize solvent loss as well as a solvent recir- 
culating system with a remote still, so that used solvent 
could be recycled as required. 

* Dupont Trademark 

** Appendix A 
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B. SOLAR PANEL LAMINATION PROTOTYPE (SPLP) 

The purpose of Che Solar Panel Lamination Prototype (SPLP) is 
to encapsulate or laminate the solar cell circuit using polyvinyl 
butyral (PVB-SR-11)* or similar hot-melt encapsulant to a glass 
superstrata. In early studies two lamination approaches appli- 
cable to photovoltaic modules were examined; both use evacuation 
followed by pressure application. In the first, atmospheric 
pressure levels are used while in the second pressures up to 
about 13 atmospheres are present. Sample laminations produced 
by both processes resulted in comparable adhesion of the PVB 
to glass (1.1-1 .4 Kg/cm and .9-1.6 Kg/cm respective 90“ peel 
adhes ion s tr engths ) . 

In a low pressure process PVB tends to block or adhere to itself 
even though the film is ribbed to aid in the evacuation of air. 
One approach that can be used to minimize blocking and acceler- 
ate the evacuation process is a double vacuum. This is illus- 
trated in Figure 22, In this arrangement the module is evacuated 
while a second vacuum is applied to the rear of the module. 

The vacuum level is typically 1-5 TORR in both chambers. The 
prototype chambev used to develop the lamination process is 
shown in Figure 23. The design of this chamber is such that 
different sealing approaches can be examined, additional heat 
sources can be added, if required, and cooling can be implemented 
if necessary. 

1 . LAMINATION VESSEL DESIGN 

In work with the prototype chamber, two approaches to 
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FIGURE 22 



ch«fflb«r sealing were examined. In Che first, a gaskec was 
placed In Che chamber flange and Che Tedlar rear module 
cover was cut oversize so Chat Ic could be used as a 
diaphragm between Che two chambers as well as Che back 
cover for Che module. The problems with this approach were 
poor chamber sealing and wrinkling of Che Tedlar. The 
second approach was Co use a large sheet of silicone rubber 
3.2 mm (.125 Inch) chick as both a chamber seal and bladder 
becween Che cwo chambers. This approach worked well and 
eliminated Che 0*rlng requirement In che flange. The 
problem of Che bladder sticking Co Che Tedlar was resolved 
by che addition of a Teflon-coaced glass fabric beneath 
Che bladder. This was later changed co a perforated cloth 
fabric for cost reasons. 

In related experiments, Ic was determined Chat forced 
cooling was unnecessary and that heaC-up could be accom- 
plished from che lower chamber using a 2.5-3 kW infrared 
heating unit. These results led co simpler chamber design. 
Figure 24 Iluscraces che production chamber design. 

PROCESS OPTIMIZATION 

Figure 25 shows che evolution of che lamination process 
from work in che prototype chamber co che first production 
unit. Due co non-uniform lamp temperatures in che prototyp 
unit, che 4 lamp configuration was changed co a 2 lamp 
arrangement in che bottom of che serai-cylindrical chamber. 
Polished aluminum lighting sheet (33* reflective) was cut 





LAMINATION PROCESS OPTIMIZATION 


PROTOTYPE OPERATION (50 MINUTES) PRODUCTION OPERATION (32 MINUTES) 


1. EVACUATE LOWER CHAMBER 

2. EVACUATE UPPER CHAMBER 

3. MAINTAIN UPPER AND LO\^ER 
VACUUM FOR 15 MINUTES 

4. BACKFILL TOP CHAMBER TO 
ATMOSPHERIC PRESSURE 

5. HEAT TO ISO^C (302Of) AND 
HOLD FOR 15 MINUTES 

6. COOL TO 65^C (150°F) 

7. BACKFILL LOWER CHAMBER 
TO ATMOSPHERIC PRESSURE 

8. REMOVE FINISHED LAMINATE 


1. EVACUATE LOVTOR CHAMBER 

2. EVACUATE UPPER CHAMBER 

3 . START HEATUP 

4« BACKFILL TOP CHAMBER TO 

ATMOSPHERE WHEN TEMPERATURE 
IS lOOOC (2120F) 

5. HOLD AT 150°C FOR 8 MINUTES 

6. BACKFILL LOWER CHAMBER TO 
ATMOSPHERE 

7. REMOVE FINISHED LAMINATE 


to fit th« curvaturt of th« chambar* Tha lamps (quartz- 

halogen) , which wara aach ratad at 5 kW @ 960 V, ware 
operated at 480 VDC in an on/off mode as dictated by tha 
need for hast; from the controller. At this voltage tha 
lamps were each rated at about 1,6 W, and both lamp life 
and uniformity were good. High temperature areas in tha 
center of the lamps ware moderated by the addition of 
pieces of aluminum lighting strips over tha lamps. In 
this way it was possible to maintain a temperature of 
10*C over the .37 m2 (4 ft2) area of the glass supers trate. 

Early Laminations were allowed to cool under vacuum to 65®C 
(150®F) since it was thought that edge blow-in of air would 
occur while the PVB was soft. Investigation of this aspect 
revealed that removal of the laminate at 150®C did not 
result in edge blow-in and this step was subsequently 
eliminated. 

PRODUCTION OPERATION 

In August 1979, two prototype production units were inte- 
grated into ARCO Solar's module production facility and 
were operated at yields of 97-98%. These units were oper- 
ated on a 35-40 minute cycle such that 3 modules/hour 
could be fabricated. Later in 1979, two additional units 
were added to double this capacity. 

All units had manual valving and temperature control was 
maintained by the thermocouple feedback to a temperature 
controller, The controller operated a high voltage on/off 
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V, PILOT OPERATION AND SAMIS ANALYSIS 


A. PILOT PRODUCTION VERIFICATION 

Th« purpose of this pilot operation was to demonstrata aquipinant 
operation by producing 288 module assemblies and prepare a 
manufacturing cost analysis » This cost information was then 
used as a data base for SAMIS* preparation and determination of 
program cost achievements. The production line verification 
run was conducted April 8 and 9, 1981. Table 2 i', the production 
run history of the auto-soldering equipment in'Iicatlng down- 
time and reasons. The lamination equipment was operated contin- 
uously during each day shift and a rotal of 350 modules were 
manufactured. No downtime was experienced with the lamination 
equipment. 

In Table 3 are the resulting yields from the pilot operation. 
Below a comparison is made between program goals and achievements 
from the pilot verification run, 

PROGRAM GOALS PILOT PRODUCTION 

SOLDERING RATE 12 cells/minute 16 cells/rainute** 

LAMINATION RATE 12 modules/hour 20 modules /hour*** 


* SAMIS-Standard Assembly-line Manufacturing Industry Simulation. 
A computer program developed by JPL for DOE to project photo- 
voltaic module fabrication costs. 

** Single automated soldering machine. 


TABLE 2 

AUTO-SOLDERING PRODUCTION RUN HISTORY 








START 

9;32j00 

12:00 




STOP 

9:44 


2:00 


Broken Cell 

START 

9:46 

6:00 




STOP 

9:52 





START 

9:58 

5:00 


6:00 

Change Ribbon 

STOP 

10:03 


20:00 


Ribbon Jam(stop 
for break) 

START 

10:23 





STOP 

10:46 

23:00 

14:00 


Ribbon Jam 

START 

11 :00 

42:00 




STOP 

11 :42 



13:00 

Clean Equipment 

START 

11 :55 

57:00 




STOP 

12:52 


30:00 


Lunch Break 

START 

12:57 

* nn 




STOP 

1 :05 

o t uu 

5:00 


Ribbon Jam 

START 

1:10 

8:00 




STOP 

1:18 

1 


82:00 


Clean Equipment 
and make adjust. 

START 

2:40 

12:00 




STOP 

2:52 





START 

3:04 

83:00 


12:00 

Change Ribbon 

STOP 

4:27 


3:00 

s 

Ribbon Jam 

START 

4:30 

22:00 




STOP 

4:52 


2:00 


Ribbon Jam 



TABLE 2 (continued) 

AUTO- SOLDERING PRODUCTION RUN HISTORY 



CLOT 


■"T5OT"TIHE' 



START 

4:54 

14:00 




STOP 

5;08 


2:00 


Ribbon Jam 

START 

5:10 

16:00 




STOP 

5s26 


3:00 


Ribbon Stopped 

START 

5:29 

15:00 




END OF 
RUN 

5 ;44 





TOTAL 


338:00 

138:00 

31 ;00 








START 

8:53 

47:00 




STOP 

9:40 



7:00 

Change Ribbon 

START 

9:47 

37:00 




STOP 

10:24 


4:00 


Boat Jam 

START 

10:28 

97:00 




STOP 

12:05 


— - 


Out of Cells 

START 

2:05 

72:00 




STOP 

3:17 



5:00 

Change Ribbon 

START 

3:22 

143:00 




END OF 
RUN 

5:45 







—niiTM 

'4: "00 : 

— HTtra 


GRAND 

TOTAL 


719:00 

.’•a - no 

43 ; 00 1 




















Table 3 

PILOT PRODUCTION YIELD 


SOLDERING 

TOTAL 

NOT REWORKED 

REWORKED 

CRACKED CELLS 

53 

53 

mm mm 

MISALIGNED CELLS 

361 

Mt 

361 

NO RIBBON 

55 


55 

CRACKED CELLS 

56 

56 

mm mm 

USE CLEANER 

17 

17 

— 

CELL SPACING 

39 

— 

39 

CASSETTE JAM 

11 

11 

— 

OTHER 

— 


-- 

TOTAL 

592 

137 

455 


TOTAL NUMBER OF CELLS SOLDERED: 11,504 

INITIAL SiADERING YIELD; 94.85% 

YIELD AFTER REWORK: 98.31% 


LAMINATION 

NUMBER OF MODULES LAMINATED: 350 

YIELD: 99.8%* 


* This percentage based upon limited runs. The yield value is not 


B. COST ANALYSIS 

Appendix A contains the Format A forms for the module assembly 
manufacturing process, including the two automated equipment/ 
process sequences developed under this program. SAMIS analysis 
reveals that the module assembly cost is approximately $1.61/pW** 
based on an assumed yearly production rate of 2 MW/yr. Table 
4 summarizes the program cost goals and actual projected costs. ^ 

As can be seen, the cost goals were not totally met; however, 
the use of the automated equipment has resulted in a signifi- 
cant cost reduction in actual fact. 

At the time this program was proposed as part of the Near Term 
Cost Reduction Program* to jhe LSA Project, production modules 
were primarily fabricated and assembled using hand labor. 

In-house analysis by ARCO Solar at that time indicated that 
module assembly costs (labor, materials and all other applicable 
costs excluding cells) were typically $2.43/pW (1978 dollars). 

If this same mode of fabrication were performed during the time 
of the automated equipment demonstration (April 1981) the 
assembly cost would have increased to approximately $3.15/pW 
based on an assumed SAMIS average inflation rate of 9% per 
year. Therefore, the development and use of this equipment 
has reduced the module assembly cost from $3.15/pW to $1.61/pW. 

This represents a very significatn cost reduction of approxi- 
mately $1 .54/pW (a 49% cost reduction. 

* The Near Terra Cost Reduction Program was funded as part 
of a special funding amendment sponsored by Congressman 
Tsongas. 

** Based on preliminary data. 


VI. CONCLUSIONS 

The conclusions of importance to JPL and LSA program are that a 
signficant reduction in solar cell module manufacturing 208 t was 
achieved, and the state-of-the-art of module assembly manufac- 
uring equipment was sufficiently automated tb permit large scale 
low-cost module assembly. ^ 


APPENDIX A 


COLORIMETRIC DETECTION OF ROSIN 


TYPE OF TEST; Rosin insolation and qualitative 

identification using sucrose/sulfuric 
acid test. 


DESCRIPTION OF TEST; Extract rosin from assembly using 

methylene chloride (dichloromethane) 
or toluene. Concentrate extract by 
forced evaporation. Shake extract with 
small amount of concentrated sucrose 
solution. After addition of 2-3 drops 
of concentrated sulfuric acid, a scarlet 
red color will develop if rosin is present. 


INTERPRETATION ; 


Detection limit of rosin is 
using this test. 


1 .Omg/liter 


FORMAT ”A 






”B," and "C" FORMS 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 
FORMAT C - INDUSTRY DESCRIPTION 


P*g« .3: ol-JL. 


jrr PRori KioN laroratorv 

it Ttthmfitf 

0#» 0* / Ciili 9ttOS 


C-1 Industry ft«fer«nt 

ARCOMOD 


C‘:^ 

Descriptive N^me of Industry 

ARCO MODULE COMPANY 






C-3 

INDUSTRY OBJECTIVE 

'PrnrTnnA 


C-4 

Units 

Peak-watts/year 






1 DESCRIPTION OF THE FINAL PRODUCT OF THE INDUSTRY 


C'S 

„ , PAKMOD 

Reference 

Packed modules in 

Name _ 

carton 

06 

Production Is Measured In 

Carton 


C»7 

Hardware Performance ^ ^ ^ „ 

Peak-watts/carton 

^ (Units are C*-4 per C-6) 


C'8 Product Ociign Ocicriptlort . 


Four 16-2000 Modules in one carton 


MAKERS OF THE FINAL PRODUCT OF THE INDUSTRY 

C*9 Company Rufercnw MODULE CO 

Company Reference 

Company Reference 

I'^rAHtO BY 


Market Share _ 

Market Share . 

Market Share - 

I DATE 
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^ r UT fHOrtMION LAROIIAtOMY 
^ imui Qsk Of ifntdfifd C*hl 9M0I 

OCKCm^riVA NAMI' ■ -.-■..Miir ■ ■ --T- -I irinnr — Hii. rTr 

SOLAR MODULAR ASSEMBLY 


, 1,2 


Comp«ny Rifirtni 

MODULECO 


|b| (Finill Productlil Productd PAKMOD 


(.1 IFinill PfccMt(«tl PACKG 

*'• . 1*1**'. •. 

(b| IntermcoUu PrqductliJ MODTEST 




1 Module/Module 


1. (b| IntermcoUu PrqductliJ MODTEST 

(a) * PfowMn) F INTEST * * * * ' * ' 

(c) Ideal Ritiq{$| with uni« 1 Module/Modul© 

2» (b) Intermedute Prqduci(t) '(SLMftUU 

(«| ’ Pf’oceVtUti CLEANMOb 

{cl Ideal Raiiq(i| With umti X Modul^y/MOdulO 

3. (b| IntermediiU Pfoductlil EjyVMMOD 

{a| rfoCni(e>| FRAME 

(cl Ideal Ratiq(i| unju * . , A • 

4, (b| (mermediatf Product(t| DSPBUTYL 

(a| Pfoce»(c»l j^iXBTYL j 

(c| Ideal Ratiolil with units X Module/Module 

5, |b| Intermediate Pfoduct(s| HIPOTTEST 

(a| Processtwl * HIPOT " " 

(c| Ideal Ratiolsl with units 1 Moduls/ModulB 

6. (b| Intermediate Pfoduct(f| SODTRLUG 

(a| Processiell TERMSOD 


CLEANMOD 


1 Module/Module 


1 Module/Module 


(Cl 

Ideal Ratio(sl with units 



1 Module/Module 


7. (b| 

Intermediate Product(s) 


TRMLAM 



(al 

Procoss(es| 

EDGTRM 




(cl 
8. (bl 

Ideal Ratiolsl with units 
Intermediate Productitl 

..POSLAJ^ICI.. 

POSLMCKT 

1 Module/Module 


(a) 

ProcestlesI 

POSIAMOT 




(cl 

Ideal Ratiolsl with units 



1 Module/Module 


9, (b| 

Intermediate Product|i| 


LAMCKT 



(a| 

ProcessiesI 

“LAMMOD 



• • 

(c| 

Ideal Ratio(s) with units 






Purchased Productlil 






Supplier and Percentage 






Supplier and Percentage 






PRErAAEO BY 


JPt 30M-S A S/SO 





Pofrwn §i Compiny Owipuoo iContlnu«d| •• Flftimrfil fwarnttm Pt9# nf 

H 9 X 91 In 0it l$A 8AMIC3 oonttxt, Itm thb p»p« t>link: um cMfaglt v»lim 
of III company financlil parimaun. 

Company Raftra nt (Prom Front , , , , 


(JSA SAMtCS dtfaulti and aporoortatf uniti art thown pra pHnttd. 


U*\ Parcant of Capacity 

B*20 Btartup Production Fraction 

100% 

0.03B unIts/unIt 

S*2 (PInandaO Lavaraca 

B*21 Cash Balance Operation Tima 

U$/$ 

0.0B yra* 

B<3 Dabt Intartft Rata 

B*22 Batwaan Proctia tnvantory Tima 

9»25Vyf. 

Oyn* 

B-4 OUitf TlX Rm 

B*23 Flical Houn Per Shift 

2%/vr. 

8 hn^shift 

B>S IfHurinM Rat* 

B*24 Fiscal Minutes Far Fiscal Hour 

4%/vr. 

80 mln,/hr. 

B-B PactlitY Ufa 

B*25 Fiscal Pays Far Fiscal Weak 

40 vn. 

7 days/wk. 

B*7 Rate Of Raturn On Equity 

B*2d Fiscal Weeks Pk Fiscal Ysk 

20%/yr. 

62*1429 wkijyr. 

B^B Mftc. Exptma (mI Pereanta^a Of Ravanua 

B*27 Closed WMkdayi Per Fiscal Year 

3% 

20 days/yr* 

B*0 MItc. Expama (as) Parcanttca Of Oparitiny Expama 

B*28 Workirtg Hours Per Person Per Shift 

4% 

8 hrs^parson/ihift 

B*10 MItc Expanta (ai) Ptreamaca Of Book Value 

fi*29 Working Days Per Working Wnk 

0%/yf. 

5 dayt/wk. 

B*11 Paalititt Tax Oapradatfon Method 

B*30 Pild Holidays Per Fiscal Ytar 

DOB 

8 days/yr. 

B*12 Pacifltitt Book Dapradatlon Method 

B*31 Paid Vacation Days Per Fiscal Year 

St 

13*5 dayt/yr« 

8*13 PKilittts Inflation Rata Table 
1975a.OMyr. 

a*33 Working WnIu Ptr Piteal Yttr 
63.1420 w4(s./vr. 


B*23 Average Paid Absantealtm Days Per Fiscal Yaar 
17*5 days/yr* 

B*14 RawMaleriili Inventory Time 

B*34 Second Shift Wage Factor 

0.04 yr»«*. 

1*16($/hr*)/|S^r*) 

B»15 Proceitin 9 Time Multiplier 

S-36 Third Shift Wtg* Factor 

1 ,0 min./mlna 

1.20 (S/hr.|/(S/hM 

fl*16 f inished Goods Inventory Tima 

B>38 Fourth Shift Wtg« Factor 

0.04 yn. 

1.20 (S/hr.)/($Atr.) 

B*17 Accounts Receivable Turnover Tima 

B*37 Number Of Shifts Per Day 

0*10 yrt. 

3 shifts/day 

8*18 Accounti Payable Turnover Time 

B*38 Facilities (Construction) Contingency Fercantaga 

0.09 yrt. 

15% 

B*t9 Startup Direct Commodity Usage Fraction 

B*39 Eo*iiprmnt Contingency Ptreentage 

1«25 units/unit 

15% 
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{Final) Pfo^ucidl Prodwcttl 




0 

(a) 

(Fmal) Procnilat) 




(cj 

Ideal Biua(i) ^ith units 



1 Module/Moduia 

U ib) 

Intcrmeoiitt Product(i) 


ASMMOD . . . 


U) 

ProceilIrsI 

ASLMMOD 



(cl 

Ideal RatiOlil with units 



.1 . .I^p.dViA 

2. (b| 

Intermediate Product(s) 


...gLGLAS.S 


U) 

ProcesKesI 

GiiWASH 


(cl 

Ideal RitiO(f) with units 



1 Module/Module 

3. ib) 

Intermediate Product(rl 


pre’lmckt 


(I) 

Procest(et) 

pkcIamct 



(0 

Ideal Ratiols) with units 



1 Module/Module 

4, Ibl 

Intermediate Prpduct(i) 


SODMODck 


(9) 

Process(cs) 

TASOD 



(Cl 

Ideal Ratio(s) with units 



.?•. 

B. |D| 

Intermediate Product(t) 


CKTSUBTA 


(a) 

Process(eil 

TACKTSUB 



10 
6, Ibl 

Ideal Rano(s) witn units 
Intermediate Product(s) 


SCIS 

.A.03.Q3.Q3.CEIiLCK/CELL. . 

(a) 

Pfocesitei) 

CELSTSOD 


« • 

(c) 

Ideal Ratio(s) with units 



1 Cell/Cell 

7. lb) 

Intermediate Product(s) 


SODPACELL 


(a) 

ProcestCei) 

SP'SP ' 



(c) 

Ideal Ratto(s) with units 




8. Ibl 

Intermediate Product(s) 




(a) 

Process (es) 




(c) 

Ideal Ratio(s) with units 




9 IbJ 

Intermediate Product(s) 




U) 

Processtes) 




(c) 

Ideal Ratio(s) with units 





Purchased Productli) 





Supplier and Percental 





Supplier and Percentage 
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of III opmpwy flnio^lil p§nm%%m, 

Compifiv rttf Iff fU IFfOm Front JWdol n 


R*1 ftrcrmtof Cipioity 
100% 

8*20 Startup Produotlon Fraction 
0.8^ unltt^nlt 

12 (FIfundot) 

B'21 CmH ••lanM Optrttion Tim* 

U$/$ 

0.08 yn* 

B*3 D«m tmtrtit Fitf 

8*22 Bttwtan Froaasa Inventory Tima 

9^S%/yr. 

Oyrt. 

8*4 Othtr Tix Ritt 

8*23 Fiscal Hours Far Shift 

2%/vf. 

8 hnyihlft 

C*S Imuronoo Ritt 

8*24 Fiscal Mlnutta Fat Fiscal Hour 

4*/vr. 

80 mInThr. 

8*8 Fwility Uft 

8*25 Fiscal Oayt Far FUcal Wnk 

40 yn. 

7 dayi/wk* 

8*7 Ritf Of Htturn On Equity 

8*28 Fiscal Waaks Far Plscal Yaar 

20%/y?« 

vykiJyr. 

8*8 MHc, 8xp«m« (m) Fnctntiff Of Rtvtnuf 

8*27 Ctoaad Waakdayi Par Fiscal Yaar 

3% 

20 dayt/yr* 

8>0 Mite. SKpomt Im) FtfCint>9# Of Optratin^ 8xp«m« 

8'38 Working Hour* Ptr PitMn Ptr Shift 

4% 

8 hn^parion/ihift 

B«t0 MIso. Sxptm# (as! Percant>9« Of Book Vuiut 

8*29 Wofkir>c Oayi Par Working Waak 

OVyr. 

5 dtys/wk. 

B<1 1 FiolKtM Tix Otpfteiatlon Mtthod 

8*30 Paid Holldayi Par Fiscal Yaar 

ooa 

8 diys/yr* 

8*12 FaciHtits Book Oiprtcjation Maihod 

B-31 P*W V*«*tlon 0*v» Ptr Fl«*l Y*»r 

SU 

13.6 d*yi/vft 

8*13 Faoiititf Inflation Rat# Tabf« 

B-32 Working Wteks Ptr Piioit Y«k 

10768.0 Myr. %/vr.) 

63.1428 wk«./yr. 

8*33 Avaragt Paid Abiantaaism Days Par Fiscal Yaar 
17.5 days/yr. 

B*U Raw Matanali Invtntory Tlm« 

B>34 8»cond Shift Ww Factor 

0,04 yit, * 

1.1S (S/hr.)/(S/hr.l 

8*tS Fromiin^ Tima Multipliaf 

8*36 Third Shift Waga Factor 

1.0 mm./min. 

1.20 {$/hr.l/($/hf.) 

8*10 Finiahfd Goods Invtntory Tima 

B*3S Fourth Shift W.g* Fmiiot 

0«O4 yrs. 

1,20 ($/hr.)/($/hr.) 

8*17 Accounts RaettvaNa Turnovtr Tima 

8*37 Numbar Of Shifts Par Day 

0.10 yrs» 

3 shifu/day 

8*10 Accounts Fayabla Turnovar Tima 

8*38 Faalitits (Comtructionl Coniingtncy Ptrctniaga 

0.09 yrs. 

16% 

8*19 Startup DIract Commodity Ustya Fraction 

8*39 Equipmant Contingancy Parcantaga 

1.25 uniCi/unit 

15% 


nfvifMif SIDS ,ifU903i4 n VO 




























OHir,!Nr.i , 13 

OF POCr^ Q»?AUTY 





SOLAR ARRAY MANUFACTURING IMIUSTRY COSTING STANDARDS 


Fa«t. 




FORMAT A •— PROCESS DESCRIPTION 


JfT Ul«l« tAR«MT«lir 

04 Tftknmtf 

ii*0tt Op fhi*4f04 iW >lf#i 



Nou: NtmH i^vtn \n bri^tu { ] irt thf mmfi of orootn Ittnbyiif 
by thf I AMIS oompuitf OfO#f<im. _____ 


A 2 (Desc/iotive.Namel of Proota ScrtSSn 

print solder paste 

— 

L 

FART 1 > PRODUCT OCSCRIPTION 

A,a (Product. RtiMcnti --SOpPACELL 




AA Oescfiotiv# Name (Product. Nimel Sold03T 

paste printed cell 


A.S Un.tOIM.uur.(Produrt.Un«il.,J'®*l^'J:^^.^^^ 


PART 2 - PROCCIS CHARACTERISTICS 

A-A (Oiilpul. R.tc) (Not Thrupull 2 5 

.51 

Uniu (given on Imi A*5) Per Operating Minute 
Calender Minutes (Used only to oompute 

^*7 InwflntOfy. Time] 

AJi rn . r M * 3S23oOS3 

A*a (DutV.CvCil 

iff^^PiwCw5e mveniOrv) 
Ooeratino Minutn Per Minute 

3 

A^ (Numbff. Of. **;.ifti. Per. Day) , - 


Shift! 


M'Sb (Personnel. Integemation. Override. Switch) ^.... 

Off 

(Off or On) 





PART 3 - EQUIPMENT COST FACTORS (Machine Oescr iptioni 

PAPRINTER 

A^O Comoonent (ReferentI 

CSTACKER 

CPURNACE 

A'9i Component (Oescriptive. Name) 

Printer 

Stacker 

Furnace 








A*tO Bast Year For Equipment Prices (Price. Year) 

1979 

1979 

1979 

A,« t (Purchase. Cost. Vs. Quantity. Bought. Table] 
' (Number Of and $ Per Component) 

125000 

20000 

31000 

A«12 Anticipated (Useful. Life) (Yeeri) 

• 7 

7 

7 

A»13 (Salvage. Value) ($ Per Component) 

0 

0 

0 

A*t4 (Removal. And. Installation. Cost) (S/ComDonent) 150 0 

200 

2500 

.. . 





Not«; Tht SAMiS compuur program alto prompts for the (Payment* Ploat. Interval) « the [Inflation* Hi;tt, Tablel , the 

(Equipment* Tax. Depreciation. Method) « and the [Equipment. Book* Depreciation. Method) , In the LSA $AMICS contiKti 
use O.Oi (1076 0.0 O. DDB* and SI* (The asterisk is a signal to the computer* not a reference to a footnote.) 


irt* 30371 n greo 



oniGSNAi. rj 
OF FOOR QUAl.t r/ 


F«fflut Ai PreoM* 0 *Mripti«n (CMtlmwd) 

R*ftr*fli ifram fnmSid* Unt A< 1 ) 




rAHT 4 - DintcT niourntMCNn nn machini 
(FM tllty. Or. PtfWiMi Rw^mn«fl<| 


"SlfnnSASHINt /iR (l>*rMmw<i 


A* 1 S 
C*uk>« NumtMT 
(CxptflM Itnn 
Rtf«f«m| 

A2096D 

^’B’ 3 rrs 2 xr 


Amown ffHtuffHl 
fifhMtim (Nf Shift) 
(Amont* fif« MichlNl 


m 


Ufltti 

JSftEt 


M 7 

* 

R*^rtm*frt OtMr((»l«n « N«mf 

M«mt . lU LG tugl < ^g -~gff a # < 


P<ir i L Qn/ah i . f .t ... Qp , « , ra . t og , Br od «M »a ftAft» 


PART B - OtRECT REQUIREMENTS PER MACHINE PER MINUTE (SAMIS Will mk Mnt for SypnNliMti) 


(Byproduotl wtd [Uulliy. Or. Commorlity RKiulrtnwrtl 


A -20 

CattloE Numb«r 
(SxptfM Ittm 
Rtfir»m|_ 

C1032B 

“ " ■ t;2Q3 - 2 D- 


A *23 

Anwmt Raqulrfd 
Pir Miehln* Ptr Minuta 
(Atwount. Par, Cyclal 

X. 1X111 


A ‘33 
Unit* 

Jcwh/min 


2Q3 ' 2 ir " 10 CFH 


Ml 

I Raqulramcnt OMorlptlon or Nwiw 

Elsctrieity 
ITamp.ragja{i!id nir. 

vothaXc ^ ^ 


FART • ^ INTRA^INOUSTRY FROOUCT(S) RBQUIREO 


M4 

(Rc<tulrtd. Product) 
(R«ftrtoct| 


A *28 A '20 

lYUldl ^ lldi*la Ratio) •• Of 

(%) UAiti Out/Unitt In 


A-27 

Unit! Of AW •• 


mtfAnco »y 


A -25 

Product Name 

■..Sp. R P_ A SSLIf.- 

dAt(P T 


*t00% mlnut paroantao* of raqulrcd product lent In this proctsi. 
••AMumt 100% ytald htn. 

***Bxampits: ModultsyCsIl or CallsAVaftr. 


nEvcnacaioc jal:» 03 ?*c n amto 



ORiGiKi;;. 

OF POOR QUALnv 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A — PROCESS DESCRIPTION 


jrT rnoriXiioR LAnoiiATORv 

OM Cf 0 tf 0* / rn»din4, CsM 9 ttn) 


A*t Pfocm lR#f«rentI 

CELSTSOD 


Nott! Names given (n brackets t J are the names of process attributes 
requested by the SAMIS computer program. 


A.2 to«enp.iv.. N.n.) of Proc«. Cell S tring Spidering 


PART 1 - PRODUCT DESCRIPTION 


A'3 (Product. Referent) 


SCIS 


A 4 Detcriptive Nam. (Product, Name) Solder Cell Into String 
A -5 Unit Of Meature (Product, Unit.) Cel l CI\ 


PART 2 - PROCESS CHARACTERISTICS 

14.66324' 

A '6 (Outpule Rate) (NotThruput) - 


A*7 [Inprocessa InventorVu Time] 
A *8 (Duty. Cycle) 

A* 8 i (Numb«^ Of, ShiHs, Per, Day) 


6.5986108 

.875 


A-Bb (Perjonnel, Integeritation, Override, Switch) ____________ 


PART 3 - EQUIPMENT COST FACTORS (Machine Description) 

. . STRGSOD 


1..5 loss 

Units (given on line A*5) Per Operating Minute 

Calendar Minutes (Used only to compute 
in'process inventory) 
Operating Minutes Per Minute 


(Off or On) 


A*9 Component (Referent) 

A*9a Component (Descriptive. Name) 


String Solder 


A*i0 Base Year For Equipment Prices (Price, Year) 


1980 


A 1 s (Purchase, Cost. Vs, Quantity, Bought. Table) 9 c n O 0 A 
' (Number Of and $ Per Component) ^ ^ 

7 

A»I2 Anticipated (Useful, Life) (Years) — 

A«13 (Salvage. Value) ($ Per Component) ^ 

A‘14 (Removal, And, Installation. Cost) |$/Componcni} ^10 / 000 


Note: The SAMIS computer program also prompts for the (Payment, Float, Interval) , the (Inflation, Rate, Table) , the 

(Equipment. Tax. Depteciation, Method) , and the (Equipment, Book, Depredation. Method) . In the LSA SAMlCS context, 
use 0.0, (1975 6.0 •), DOB, and SL, (The asterisk is a signal to the computer, not a reference to a footnote,) 


JPL 3037 s n e/«o 





OF pet 


P/VCiE 13 
QUAUTY 


Form«tAt ?»fpc»n OHCflptlon (ContInufcO , 2^ n* 2 ^ 

htXMU Rif«r#nt {From Front Sld« Unt A«1| _ -CELSTS OD 


P^BT4 ^ DIRECT REQUIREMENTS FER MACHINE (Ficmo««| OR PER MACHINE PER SHIFT iPtrtonmO 
(Ficnity. Or. PiffonntI Rtqu(ffm«n\^l 

A*18 A*t9 A*17 

Amount Riquirtd 

MKhin« IPw Shift) Rtqulr»m«nt Dffcriptlon or Nimt 

(Amount. Ptr. Michln«l 

T SqEt-.^.-, Mymnf«r»+-nr'<nfT gp.^09 

2 .5. ■ Per 33n8/ghj . fi Operat or. ProdrMachi 


PART 5 -- DIRECT REQUIREMENTS PER MACHINE PER MINUTE (SAMIS will uk fint for Syproduots) 
(Byproduct) «nd (Utility. Or. Commodity Rtoulrtmtnt) 

A.20 A*22 A*23 A-21 

Cattloo Numbtf Amount RfQuIrid 

(Exptm# ittm P#t J* iiln# Ptr Minutt Unit* I Rtpuirtment Ottcdptlon or N«mt 

RifirMt) (Amount Ptr. Cycit) ' 

C1032B .1242833 kWh/min Electricity 

C2032D 5 rirH 

EPTSD -3"BT75F" gR'TmTn 


l*ART « - INTRA-INDUSTRY PRODUCTlSl REOUIRED 


A*24 

A-38 

A-26 

A-27 

A-25 

[Rtquirtd. Product) 
(Raftrtnet) 

(YUldl • 
(%) 

(Idaal. Ritiol**Of 
Units Out/Units In 

UniBOf A-26*** 

Product Namt 

SODPACELL 

.9'88 

1/33 

CELLCK/CELL 

SCIS 




nufAnco iY ... mi 

DAft 


i,;.q m p.g,s.SL£.ea,- A 4.g..- 

.Ribhon. 


Cauloo Numbtf 
(Exptmc Ittm 
Rtftrtnt) 



*100% minui^ ptretntaot of rtpuirtd product lott In this proc««s. 
•*AMum€ 100% yitid htr«. 

•**Extmpiei: Moduld/Ctll or CtlU/Waftr. 


nsviPist 8ios jPt9037*s n »aio 


#2,0 


OF POUU QUAUfY 



1 SOLAR ARRAY MANUFAC'iURING INDUSTRY COSTING STANDARDS p,^l 

FORMAT A — PROCESS DESCRIPTION 

jrr fKOM^IIO^I LAnoHATORV 

$f Tttknnhtf 

04k Ct«t* O* / C«/if 9ttO} 


A*1 Prown [Rtf^rentl 

TACKTSUB 


Not#; N»m«i given fn brick«U t 1 ere the name# of prowsi aufibum 
riqueited by th# SAMIS computer program. 


A., (nM.nn.i,.,N.n«u(Pr«.«. Turn Around CKT Sub-Assem^^^^^^ 


part ^ - PRODUCT DESCRIPTION 
A.3 fPfoduct. Referent] CKTSUBTA 

A4 (Product. N.™ei ^KT sub tum around 

A«6 Unit Of Meafure (Product, Units] 


PART 2 - PROCESS CHARACTERISTICS 

10 

A-0 [Ouiputi Rale) (Not Thruput) Units (given on lin. A-5) Par Oparating Minut« 

A.7 (inppocM*. inweniofY. Time) _ _ * 1 Calendar Minutes (Used onlv to compute 

Q « (. in»proc«si inventory) 

A*a (Duiv. Cvcie] _ * _ / _ „ _ _ Ooeratina Minutes Per Minute 

3 

A,fle (Number, Of. Shifts, Per, Davl _ _ _ _ Shifts 

A*0b (Personnel. Intcneriaation. Override. S'Viichl Of f (Off or On) 

PART 3 - EQUIPMENT COST FACTORS (Machin. Description) 

A.fli ComDononi (Oescriotive. Name) CKT TA M^ChXn© 



A*tn Base Veer Por Rquinment Prices (Price, Year! X980 

A <« (Purchase. Cost. Vs. Quantity. Bought. Table] 20000 

(Number Of and S Per Component) _ _ - - -- 

A*12 Anticioaied (Lfseful. Life! fYears) _ _ 

A«13 (Salvage. Value] ($ Per Component) ^ 

500 

A*14 [Removal. And. Installation. Coitl IS/ComPonent) , . 



Note; The SAMIS computer program also prompu for the (Payment, Float, Interval] , the (Inflation. Rate. Table] , the 

[Equipment. Tax. Depreciation. Method ) , and the (Equipment. Book. Depreciation. Method] . In the tSA SAMICS context, 
use 0.0, (1975 6.0 •], DDB, and SI. (The asterisk is a signal to the computer, not a reference to a footnote.) 


jfu 3o»r s n ereo 




I 


*% 


OKISINAU 53 
OF POOR QUALITY 


Format As Frocttt DttcHption (Continufd) 

A «16 Froctts Bafirtnt (From FromSIda Una A* 1 ) 




TACKTSUB 


rART 4 - DIRECT REQUIREMENTS PER MACHINE (pMlIltlM) OH PER MACHINE PEH SHIFT (PtrwnwO 
(Facility. Or. Panonnal Raqulramantl 

A*1« A-18 A*19 A«17 

Catalog Number Amount Raqubad 

(Expanialtfm Ftf Madiloa (Par Shift) Unlu Raquliamam Oaicrlptlor^ or Nama 

RaftrtntI (Amouni^E Par. Machine) 

A2096D 27,5 SaPt 

B3TS2D T 


Manufactu ring Space 


l> erson3/^hif t Operator Er ndaMachlna. 


PART B •• DIRECT REQUIREMENTS PER MACHINE PER MINUTE (SAMIS will Mk (tm for Byprodusa) 
|Bv>«ductl imd (UtilUy. Or. Commodity R«K|ulr»<i»nt| 

A20 A-22 A>23 


Cauloo Number 
(Bxpama Item 
RafarantI 



Amount Ractulrad 
Per Machina Par MIriuta 
(Asnount Par. Cycle) 

.1 




Units 


I 


A -21 

RaQUiramant Description or Name 


jiaaL 



LZsiin 



PART 8 - INTRA-IN3JUSTRV PRQDUCTjSj .REQUIRED 


A-24 

{Rtpuirtd. ProdV'd! 
(R.fenrmt 


A-28 

(Ylsldl * 

(W 

100 


A-2Q 

tidtil, Rctioi** *** Of 
Unin Out/Unin In 


A »27 

Uniti Of A-26* 

SOBCKT 


A'2S 

Product Nim« 

C KTSUBTA 


mtrAweo ay 


*100% minus pm'i^Af aoa of rad product lost In this pmce*s. 

**A«uma 100% yitld hare. 

***HxamplesS Moduln/Gril or C v^afer. 


navanaaatoa Jpuj5037« fi s/to 



#3 


OrJIvIlWAl TAGS :3 
OF poor? QUALITY 


-f 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 
' 3 * FORMAT A -- PROCESS DESCRIPTION 


PaO«. 


.of. 


U IPT rnoft LieOK LAnOKATORV 
CJiltitntt Inun^tf ^ TnA««;«|f 


A»1 PfoctM (Rtfaftml 

TASOD 


Not«: Names given (n brackets [ ) are the nemes of process attributes 
requested by the SAMIS computer program* 


A*2 (Deirriplive, Namel of Process ---- 30l>d63ring 


PART 1 - PRODUCT DESCRIPTION 




A.3 (Product. Referent 1 ^ 




A4 Deicriotivt Narne (Product, Name) SoldOT 

several 

strings 

together 

A.S Unit Of Measure (Product. Unitil Mod^lO 


PART 2 - PROCESS CHARACTERISTICS 

1 . 15^ 

A.fl (Output. Rate) (Not Thfuput) , ' 


Units (given on line A*5) Per Operating Minute 
Calendar Minutes (Used only to compute 

A»7 (Inproces*, lnvepto»*v, Tim«| j, * ^ 


A-a iDuiv.cvci.l .9375 


iifi*proce» inventory) 
Ooeratinc Minutes Per Minute 

3 

A-flj (Number. Of. Sllilti. Per. O.y) 


Shifts 


A*8b (Penonnel. Inteceriaation. Override. Switch) ^ 

Off 

(Off or On) 





1 PART 3 - EQUIPMENT COST FACTORS (Machine Description) 



A*9 Component [Referent) 

TABECH 



A*9a Component (Descriptive. Name] 

Bench 





A*10 Bate Year For Equipment Prices (Price, Year) ^ 

1980 



. , . (Purchase. Cost, Vs, Quantity. Bought. Table) 

* (Number Of and $ Per Component) ^ 

3000 



A«12 Anticipated (Uteful, Life) (Years) 

7 



A*13 (Salvage. Value) ($ Per Componv"m) 

0 



A*14 (Removal, And. Installation. Cost) ($/Component| 

500 



1 _ . ^ 


Note: The SAMIS computer program alio prompts for the [Payment. Float. Interval) * the (Inflation. Rate, Table) , the 

(Equipment, Tax. Depreciation. Method) » and the (Equipment, Book. Depreciation, Method) . In the LSA SAMICS context, 
use 0,0, (1975 6,0 «), DOB, and SL. (The asterisk is a signal to the computer, not a reference to a footnote.) 


JPL 3037 s n t /80 





ORIGINAL PAGK 13 
OF POOR QUAufY 


Fofrnat A: Proetti Dnerlptlon (Continuad) 

A<16 Proctu Riftrint (Prom Front Sld« Ui>« A>t) 


Pig*. 


.OC 


TASOD 


PART 4 - OIRECT REQUIREMENTS PER MACHINE (Fielllti*<» OR PER MACHINE PER SHIFT (PwioniHlI 
(FkIIIIv. Of. PirwvHl Rmulnimnt) 

A-tS A'lB A*19 A*17 

Catalog Numbar Amount Ragulrad 

(Eapwnalttm Par Maehin* (P*r Shift) Unitt Raquiramwt Oaterlptlon or Nam* 

RafarantI (Amount Par. Machinal 

A 2096 D 35.5 SqPt _ Manufacturing space 

B' 3 ~g 3 ' 2 rr~ X . U Person/^hif t 




ectrnnicia- 


PART B - DIRECT REQUIREMENTS PER MACHINE PER MINUTE (SAMIS will aak flnt for Byprodueti) 
(Bvproductl ittd (Utility. Or, Commodity RaquIramantI 


A>30 

(Exptnitf lum 
RtftrtnO 

C1032B 

— 


A-22 

A.’nount Rsqoirsd 
Ptr MKhlrw P#r Minutt 
(Amounta Ptf* Cycl«| 

.002 

: 007 7 7 77 


M3 

Untu 


A-21 

Rtquirtfmm Owcrlptlon or Nimt 


kWh/min 

^iove 


Electricity 


PART e - INTRA-INDUSTRY PRODUCTtS) REQUIRED 


A-24 

A*28 

A*2S 

M7 

A-2S 

(Rcqulreda Product) 
(Refererrce) 

(Yield! • 
(%) 

(Idaal. Patio) ** Of 
Unit! Out/Unitt In 

Units Of A-20*’* 

Ptt>d«ct Nsm« 

SCIS 

100 

1/1 

MODULE/CELLCK 

SODMODCK 

— CK'i'Lwr/r 

“TITD 

i 

■ MDUTSUEUKT — ' 



fWifArtco iv 


DATS 


*100% mmul ptrwntigt of rtqulftd pfoduct lott In ihli proct«. 
••Auum« t00% yield hcrt. 

•••Exampleit Modulw/Cell of C«IU/Wifti\ 


nive Rdf fioe jpL 303741 n smo 



#4 


orig:?jal page I3 

OF POOR QUALITY 




SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 
^ FORMAT A ■— PROCESS DESCRIPTION 


Pig«« 


.of. 


irt rnomiioM LAnonAtonv 
««>«! OjI C»»*t D* C^iit fn6i 


A't Proem lR«fef«ntl 

PRLAMCT 


Note; Numei givin In biackeu I 1 afft th« nim« of proem attnbulM 
requntffd by tht SAMIS computar program. 




PART 1 - PRODUCT DESCRIPTION 
A.n IPraducJ. R.I.f.nll 



PART 2 - PROCESS CHARACTERISTICS 

1 33333 

17 25 

O « C In'prqceii inventory) 

A.^t (Ouiv.Cyclel * 7 __ Ooeratinfl Minutes Per Minute 

3 

A*6a (Number. Of. Shifts. Per. Day) Shifts 

Off 

M.fib fPersonnek Inieoeniation. Override. Switch! _ (Off or On) 

PART 3 - EQUIPMENT COST FACTORS (M«chin« Dejctiption) 

A.o XENON , Gauge 

Generator 



. (Purchaie. Cost. Vs. Quantity. Bought. Table) ytenn 900^1 

ni jnH «P(if rrnmponunt) 4DUU V ^ * 

7 *7 

A.t3 fSalvaoe. Value) (S Per Comoonent) 1000 500 

A.1A fRamoval. And. Installation. Cost) (S/ComDonent) 500 250 



Note: The SAMIS computer program also prompts l.^r the (Paymont. Float. Interval) , the (Inflation. Rate. Table) , the 

(Equipment. Tax. Depreciation. Method) , and the (Equipment, Book. Depreciation. Method) , In the LSA SAMICS context, 
use 0 0. (1975 6.0 »)i DOB, and SI. (The asterisk ii a signal to the computer, not a reference to a footnote.) 


jfu 3037 s n a/eo 




Format A; Frocm Otterlpilon (Comfnutd) 

A>16 Proctu Rafartnt (Fram Frent SI6« Lina A>l) 


ORIG5MAL PACK E3 
OF POOR QUAUTY 


PRLAMCT 


Paga^^Of^ 


rAHXA^ DIRECT REQUIREMENTS TER MACHINE OR PER MACHINE PER SHIP! (PtffWtn*il 

[PtoilltVa Or. Ptrtonn«l R«qulrtm«ftt) 

A*18 A-t8 A*ia A-17 

CJitalOQ Number Amount Rtqulrtd 

|E)(p«m«lttm PtfMKhInfIPff Shift) Units Rtqolftmtm Otsorlptlon or Nwni 

Riftrtni) (Amount* Ptr* M*chln#l 

38 , Mani:tg^cti3rina_Space 

I Persons/Shift Oparator Prr>f^~M/iffh_. 


PARTS - DIRECT REQUIREMENTS PER MACHINE PER MINUTE (SAMIS will aik fint for Syproduettl 
(Byproduct) and [Utility. Or* Commodity Rtquirtm«ntl 

A-20 A*22 A-23 A-2t 

Catalog Numbtf Amount Rtpuirtd 

(ExpanMitim Ptr Per Minutg Unlti { ni^fftfmnl Ciicnpiion or Nim« 

Riff rant) (Anwunt. Ptr. Cydt) 

C1032B .166666 kWh/min ’ Electricit 


.166666 



PART e - INTRA-INDUSTRY PRODUCTISI REQUIRED 
A-24 A-28 A-26 

A*27 

A-25 

[Required, Product) 
(Ref«rtr>c«) 

IVIaldl * 
(XI 

(Idaal, Ratio) ** Of 
Uniti Out/UnIta In 

Uniti Of A.28*** 

Produei Nama 

SODMODCK 

.395 

1/1 

MODULE/MODULE 

PRELMCKT 



^1C0% minu« ptfctmagt of rt^ulrad prtxiuct lost In Uili proctta* 

**A«um# 100% yield htrt. 

•••Exampiti; Modul«/Ctil or Cellt/Waftr. 


Mi venal Slot iPu 300741 n s/io 





#5 


mmi QUALITY 



] SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS p,,, I 2 

FORMAT A •— PROCESS DESCRIPTION 

jrr r»(OPiiiioM LAnoRATottr 
4M>Hi 0*k Gf0*f Of / Cfi^t fllfti 


A^t Protm (ntftr«nt) 
GLSWASH 


Not«: N«m«t given in brackgti [ ] art th« namn of proceti aitributet 
requtstad by tht SAMIS computar program. 


A.2 (Deicriotive. Nirnel of Pfocesi ^ W^Shxng 


PART 1 - PRODUCT DESCRIPTION 
A-3 [Product. RtlertntI CLGLASS 

A.M Descriptive Name (Product, Name! _ Wash 1 ’ X4 * Pan© of g’l&SS 

A.5 Unit Of Measure (Product. Uniis) , GlSSS 


PART 2 -PROCESS CHARACTERISTICS , . i% ' LOSS Dot considefed in output 

0 5 

A»7 (Inproceii, Inventory. Time) - Calendar Minutes (Used only to compute 

f» n’2174Cft'5 in<procen invcmory) 

A-a tOuw.Cvelel U.«JX/^bUJ Oper.Unfl MlnutM P«r Minute 

3 

A^Sa iNumber. Of. Shilti. Per. Diyl . .. nhin. 

A‘8b (Personnel. Inicgeruation. Override. Switch) Off inffrtrnM 

PART 3 - EQUIPMENT COST FACTORS (Machine Oeteriptionl 
A"B Comoonent (Refereml GLASWASH 

A*9a Component (Descriptive, Name) G10.SS WSShxng 



A*10 Bate Year For Eauiomeni Prices (Price. Year) 1980 

A , . (Purchase. Cost. Vs. Quantity. Bought. Table) 1 7 n n n 

(Number Of and S Per Comoonent) i. / U U U 

7 

A02 Anticipated (Useful. Life) (Years) ' 

A*13 iSaWage. Value) (S Per Component) 0 

A'H (Removal. And. Installation. Cost) l$/Componcnt) 500 

- - 


Note: The SAMIS computer program also prompts for the (Payment. Float, Interval) , the (Inflation. Rate, Table) . the 

(equipment. Tax. Depreciation. Method) , and the (Equipment. Book. Depreciation. Method) . In the LSA SAMICS context, 
use 0.0, (1975 6.0 •), ODD, and SU. (The asterisk is a signal to the computer, not a reference to a footnote.) 


jpu 0037 3 n s/eo 




0RIGJ^3<*1 fV< 

OF POO!*; 


Format A; Froctii OtforiplHXi iContinuKl) 

A*16 Froo#« fltfirwit {From Front Sid# Un« A*1) 




PART 4 - OmeCT REQUIREMENTS FER MACHINE {FttHIUwl OR PER MACHINE PER SHIFT {PffKmntO 1 

(FkiIIIv. Of, P#r»ono»l Rtqulrim*ml 



A*ltt 

A-18 

A-10 

A-17 

CaUloQ Numbtf 

Amount Rtqulrtd 


•g 

(Exptntt lum 

Ptf Mschlnt (Ptf Shift) 

Units 

Rtquirtmtnt Dtsorlptlon or Nwnt 

Rtftrtntl 

(Amount P«r. Mschlnt ) 



A2096D 

336 

SqPt 

Manufacturina Space 



PARTS <» DIRECT REQUIREMENTS PER MACHINE PER MINUTE (SAMIS will Mk fim for Byproduoai 

[Byproduct! and (Utility. Or. Commodity Rtquirtmtnt) 


A-20 

A*22 

A-23 

A-21 

Catalog Numbtf 
(Exptma ium 

Amount Rtquirtd 
Ptf Machlna Par Minutt 

Uniu 

1 Raquifimant Otscnpllon or Nimt 

RtftramI 

(Amount. Par. Cyclaj 


* 

C1032B 

.10564055 

kWh/min 

Electricity 8.5 HP 

BI'I'MTIW 

■in!fm«ciEi3-isifl 

— CXIIT ” 




PART 6 - INTRA-INDUSTRY PRODUCT(S) REQUIRED 



A*24 

A-28 

A*26 

A-27 

A-2S 

(Rtquired. Product] 

(Ylafdl • 

[Idaal. Ratio) ••Of 



(Rafertnca) 

1%) 

Unit! OutyUnlts in 

UniaOf A-28*** 

Product Nan>a 



•100% minui porctmw of rtquirtcl product loft In thU proctn. 
••Aisumo 100% yitld hrm. 

•••Exampltt; Modul«/C#ll Of Ollt/Wiftf. 


ntvintt Slot JPL 30374 n s/to 




# 5.5 




$OLAR ARRAY MANUPACTURINO INDUSTRY COSTING STANDARDS 


p<)«« «JL. of 


FORMAT A - PROCESS DESCRIPTION 


iff rnQPlitl0y iAttOHATOKY 
«AfF) 0>«tf Op Cmi' 9U6S 


A'1 PfOOtM (Rfftfinll 

ASLMMOD 


A*2 (Detcfipiivf. Nim«) of Proem . 


Noll : Nimii fiivtn in briekeu ( I irt tht nimti of prootti lUnlHiiw 
r^quttttd by thi SAMiS compottr prooMni. 


PART 1 PROtJUCT DESCRIPTION 
A^3 (Produeu Rif«r«nt| __ASMMOD 

A4 OeKriptivt Nim« (Product, Ntmtl A? lUOdU 1 g 
A’ 5 Unit Of (Product, Uniti) , 

PART 2 -Access CHAR^TERISTICS 

A*6 (Output, Raul (NoiThrupuil - *-33_3,3 3 g^i 

A*7 (Inprocm. Inventory. Tim«l ■- - — - 

A-6 (Duty. CycUl - *87 5 Op< 

3 

A-8a (Number, Of. Shift*. Per. Day) - — ^ Shii 

A‘8b (Perionnel. Imegeruition.Ovirndf, Switchl (Of 

PART 3 - iQUIPMENT COST FACTORS (Machine Dcwnption) 

... ATOMCHAM 


Units (given on line A'E) Per Operating Minute 
Calendar Minuus (Used only to compute 

Jr|.n|Qrat| )nw«n|ary| 

Operating Minute* Per Minute 


(Off or On) 


A*0 Component [Referent! 

A*9a Component (Descriptive, Name) 


Ball Chamber 


A*10 Base Year For Equipment Prices (Price. Year) 


1980 


. ^4 (Purchase. Cost. Vs. Quantity. Bought, Table) 150000 
’ (Number Of and $ Per Component! 

A»12 Anticipated (Useful, life) (Years) 1 

0 

A‘I3 (Salvage, Value) ($ Per Component) ^ 

A‘14 (Removal And. Installation, Cost) (S/Componentl 


Note; The SAMiS computer program also prompts for the [Payment. Float. Interval) , the [Inflation. Rate. Table) . the 

(Equipment. Tax. Depreciation. Method) , and the (Equipment. Book. Depreciation. Method) . Irv the ISA SAMICS context, 
use 0 0, (1975 6.0 •), DDB, and SI, (The usterisk is a signal to the computer, not a reference to a footnote.) 


J9L 3037 s n s/ao 




OF Ft 


FcrrmtA! frawM OtMri^ion (C«iHlmifcO 
A»1i Nmmi nditMt (Frtm f^ront Un« A<l| 


J-OfJ. 


ASI*MMOD 


PAAT4 - otnecT RCQuinEMerfrs rsn machine ifiwiitMi on ran machine ran shift i 
(P iMittYs Of, «fcMf*fW»tl 


A«ie 

A^IE 

A*1d 

Citiloi Numbff 

Amount Rfooind 


(SKPimf Him 

Ptf Michini (Pif Shift) 

Units 

Riftfintl 

(Amount Ptr, Midiini) 

A2096D 

851.35937 

SerPt 


Ml 

n#C!Mtrtfn«nt Dtiorlptl<>n or Nsmt 


PART S •• 0IR6CT R6QUIREMENTS rCR MACHINE PER MINUTE (SAMIS will Uk dnt for SypfUKkmi) 
(Byproduotl ind (Utility, Or* Commodity RtqgNmtntl 


A.20 

C4til09 Numbif 
(ExpffHi Ittm 
Ri/trtm) 

C1032B 


A-22 

Amount Rtquif»d 
Pff Mtchlmi Pif Minutt 
(Amount* Pif. Cycli) 

M •* mm * 

ojjx/44: 


Kwn/min 


A-21 

Rit^ilMintnt DtiorlpUon or Nimi 

Elactricit ~ 



FART e - intra-industry FRODUCTISI REQUIRED 


A-24 

[Required. ProductI 
(Refer* nc«| 


CLGLASS 


A-2B 
lYloldl • 
(%l 


A-20 

(tdeil. R*iio|**Ot 
Unit* Out/Unia In 


A-27 A-2B 

Unit* Of A-20*** Product N*m« 

MODULE/GLASS ASMMOD 



*t00% minui ptrotntHi of rtquirtd product lost In thit procitt. 
^*Auum# t00% yield htri« 

***EKimpl«f: Modulet/Ctil or Cilit/Wifift 


neverui tioi n s/so 






if k 



WLAR ARRAY MANUFACTURJNO INDUSTRY COSTING STANDARDS 




.of» 


FORMAT A -- FROCEMOESCRIPTfON 


n't rii«ritii«N lAittiiATtiiy 

* /* f i« # if fi 

Uil 0f 


A I fnmn (Rtftftml 

IiAMMOD 


Nou ' Nimn t»rKktti [ 1 irt tht mmn of i^rootii ittritHitts 
rt^tutd iKi lAMil c^pgtff i>ro9fim. 


A2 (Oewriotive.Namel of Pfoctii ® CirCUit „ 


PART i » MOOUCT OeicBIMTION 

A-3 IPredu£t. R.t.r.nil __I*AMCKT 

A 4 D.«rm..v.N.«.iP,^uct.N.m.i L^inatioii of ccU circult to gUsn •upar 

strata 

A.8 UniiOfMaasure (Product. Uniti) ^ r , - , _ _ 


PART a PROCEII CHARACTERUTICS 

A4 (Output. Rate) (NotThrupui) — , • 2.8 8 6 8__1 Units ( 9 ivinonlineA*S) Per Operating Minute 

189 58333 

A.7 MnorocMi. Inventory. Time) ^ Calendar Minutes (Used only to comoufe 

In prociii inventory) 

A»a lOulv.CvcIe) *8 75 _ Ooeratiny Mmute* P#r Minut* 

A.«a INumbtr. Of. Shifts, Per. Day) . 3 . «hi#u 

Off 

A 8b (Pcfionnel. Imtsieriiition. Override. Switch) fOfforOnl 

PART 3 - EQUIPMENT COST FACTORS (Machine Description) 

Lam chamber 

A 9i Comi>sn.ntlOeicfjmiv».N.m«l . . . , , _ . . , 



AMO Bai# Year For Eouioment Prices fPrice. Year) ^ 19 8 P 

* . . (Purchase. Cost. Vs. Quantity. Bou 9 ht. Table) 200000 

(Number Of and S Per Comoonenil ^ , . _ . 

7 

AM a AntiCioated (Useful. Life) (Years) 

AM 3 (Salvage. Value) ($ Per Component) ^ 

AM4 (Removal And. Installation. Cost) (S/Comooneni) 2500 

. . 1 1 II __.|i^.. II , - - 


Note’ The SAMIS computer progrim alio prompts for the [Payment. Ploat. Interval) « the (Inflation. Rate. Table) « the 

(Equipment. Tax. Depreciation. Method) , and the (Equipment. Sook. Depreciation. Method). In the LSA SAMICS contexti 
useO O. H07S6 0 Mi DDO. and SI. (The asterisk is a ticnal to the computer, not a reference to a footnote ) 


jPL 0037 s n irao 



Pormit A: Promt OfwriptMn (Continutdl 
A>tl Pr««i« Bifirint (Prom Pront Stdt Un# A*U LAMMOD, 


P*S«.^OfA 


PAiiT 4 ^ omecT ntoummuHTt nn machine iPtciiitM) on nn machine nn ihift irmonmo 

(Fwjitty* Ofi ftKjulftmtml 

AME 

Ciuton Numbor 

A'li 

Amount Rioulrtd 

A*ie 

A-17 

{fiip«m« Him 
Rtfiffml 

PttMHftInf IPtrthIft) 
(Amount. Ptr. Mtohln*) 

Uniti 

Roqutfffnfnt Cnorlptlon or Nimt 

A2096D 

647.22222 

SqPt 

Manufacturing Spacm 



FART B - OmCCT REQUIREMENTS FER MACHINE FER MINUTE 
(Byproduct) and (Utility. Or. Commodity Rcqulrtmifit) 

(SAMIS will cik ffm for Syproducta) 

A-20 

Citcioo Numbtf 

A-22 

Amount Riouirtd 

A*23 

A*21 

iScptmt Him 
Rifirim) 

rtf Machlnf Ptr Mlnuti 
(Amount Fir. CycItJ 

Uniti 

1 Rtoulromtnt Oticriptfon or Name 

* 

C1032B 

.29 

kWh/min 

Elaatricitv 








PART • - tNrnA.|NOUSTRY PRODUCT(SI REOUIRID 
A>24 A'3B A>30 

A*27 


(Rtouiffd. Ffoductl 
IRtfirtnc*} 

lYlildl • 
(%) 

(Idttl. Ratio!** or 
Uflitt Out/Unitf In 

UolaOfA‘20*** 

t Ncmt 

ASMMOD 

1.0 

1/1 

MODULE/MODULE 

LAMCKT 



*109% minm p«ro«nt«9« of rtqufrcd product Idt In thif proct«» 
••Auumt 100% vitid hert. 

•••ewmpiti; Modulet/Ctil Of C#lliAVif#r» 


Hf Vinci not 00374 n i/CO 


•i 





#7 


OF POOR QUAUTY 



SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 
—3“* FORMAT A — PROCESS DESCRIPTION 


Pag«. 


.pf« 


trr fROrrtlfON LAhORATORY 

littntmt ft 

4Hi>n 0*k Cn\9 0» I Wi/ 9//0J 


A*1 Proctsi (Rfcr»rent| 

POSLAMCT 


Nota: Names given In brackets t 1 are the names of process attributes 
requested by the SAMIS computer program. 


A.3 (D«e.iotiv..N.™iotp,oc«. Post lamination, circuxt^ 


PART 1 - PRODUCT DESCRIPTION 
A.3 IPfoduct. Rel«rentl 

A-* 0«eho,lv.N,m,IProduct.N.mel ^^St cirCUit for being 

A.S Unit Of Measure (Product. Units) _ _ 


PART 2 - PROCESS CHARACTERISTICS 

A-6 (Output. Rate) (Not Thruput) 1.33333 (qiy^n on line A»5) Per Operating Minute 

17 . 25 

A.7 (Inprocess. Inventory. Time) _ * Calendar MlnUtei /.Used onlv to comoute 

ln*process Inventory) 

A*a iDulV. Cvctel _ __ Ooerptino Minutes Per Minute 

A.fla {Number. Of. Shifts. Per. Day) .. ^ .qhlff« 

A»8b (Perionnel. Intcceriiaiion. Override. Switch) Off (Off or On) 

PART 3 - EQUIPMENT COST FACTORS (Machine Description) 

A*9 Comoonent (Referent) ^ 

A.9a Comoonent iDescrIotive. Namel Generator 



A»10 Base Year For Eouioment Prices {Price. Year) 1979 

* . - (Purchase, Cost, Vs, Quantity, Bought, Table) a c A n 

' (Number Of and S Per Comoonent) 4 0UU 

A»12 Anticipated (Useful. Life) (Years) 

AO 3 (Salvage, Value) ($ Per Component) 1000 

A'1 4 [Removal, And. Installation. Cost) (S/Component) 500 



Note: The SAMIS computer program also prompts for the (Payrr.ent. Float. Interv/ -?! , the (Inflation. Rate. Table.) , the 

(Equipment, Tax. Depreciation. Method) , and the (Lquipment, Book. Depreciation, Method) , In the LSA SAMICS context, 
use 0.0, (1975 6.0 •), DDB. and SL. (The asterisk Is a signal to the computer, not a reference to a footnote,) 


JPL 3037 S n ft/80 





*% 


OulG\J'!AU 
OF POOR 


RAGE «3 
quality 


fttttmi A: Procfii Owalption (CwtJnued) 

A*t5 Proam R«f«f«nt (From Front 8l<i« Unt A*!) 


PW, 


^Of- 


POSLMCT 


PART 4 - DIRECT REQUIREMENTS PER MACHINE (FwllltiM) OR PER MACHINE PER SHIFT (P*nonn«0 
(pKllltY. Or* P«rwnn*l R»<iulr*m*nt| 

A*18 A*18 A*1# A*17 

Caulog NumlMf Amount Rtquirtd 

(ExpwwilHm Ptf MKhiiM (P»r Shift! UnlU Rtqulwnwm D»icrlptlon *r Ntm« 

Rtftftnil lAmount P*f. Mtchin*) 

A2096(D 38 SqPt Manufacturinq swace 








part 5 - DIRECT REOUmEMENTS PER MACHINE PER MINUTE (SAMIS Will uk first for Byproduoti) 
(Byproducti ind (Utility* Or* Commodity R«qulmm«fitl 
A-20 A-‘ia A*21 

Cstsiog Numbsf Amount Rtquirsd 

(Exptnii hsm Psr Machint Psr Minuu Units i Btqolfsrmnt Dsscdptlon or Nimt 

Befersntl (Amount Psf, Gyci*! . ' 

C1032B ,16666 KWh/min Electricity 













PART # - INTRA-INDUSTRY PROOUCTiSl REQUIRED 

A-24 A-2a A-28 A-27 A-2B 

lR«tiulrtd. Produiai lYWdl* (Idwl. R«lo) ** Of 

(R*fer«nc*l (%) Units Out/Units In Units Of A*28*** Product N*m« 

LAMCKT .995 1/1 MODULE /MODULE POSLMCKT 




mcfAncD ov ^ ” date 


*100% minus ptrasntaof of rtqulrtd product lost in this proem. 

••Attumt 100% yieid her*. 

•••Eximplei; Modules/Cfll or Csilt/Wiftf. 


I 

I 


ntv6(>^R ^(o«jpt.3oor‘S ft s/«o 





#8 


OF POOR QUALITY 



] SOLAH ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 2 

FORMAT A — PROCESS DESCRIPTION 

jFt rnorrtiiQN MnoitATotir 
4 HIH) O 0 t Gt*i 0 Of /fd Wm4 9n0) 


A»1 Pfomi (Rif*r«hO 
EDGTRM 


Nou: Names given in brackets [ ) are the namee of process attributes 
requested by the SAMIS computer program. 


A.5 (Oeicriptivfl. Name) of Process ?f, 5?!?^ - 


PART 1 - PRODUCT DESCRIPTION 

A.3 IPfoduet. R.ferintI TRMLAM 

A-» oe.crmtiv. N.m. [Product. N.m.i Trim excess IdiTi f rom edge of^ 

A.B Unit Of Measure (Product. Units) 


PART 2 - PROCESS CHARACTERISTICS 

A*6 (Output, Rate) (NotThruput) Units (given on line A'5) Per Operating Minute 

o oc 

A.7 (Inprocesi. Inventory. Timel Calftrtdar Mlhutes (Used onlv to comoute 

Q _ _ improceis inventory! 

A-a (Dutv. Cvciel Ooeratino Minutes Per Minute 

o 

AAa INumber. Of. Shifts. Per. Davl ^ , Rhiht 

Off 

A‘8b (Personnel. Intcflcruation. Override. Switch! fOfforOnl 

PART 3 - EQUIPMENT COST FACTORS IM.chine Dejcription) 

A>9 ComDon.nt iR.I.r.nl) . El RIM 

A'9a Comoonent (Descriotive. Namel Ed9^6 tiHrilTl 



A*10 Base Year For Equipment Prices (Price. Year! __ 198 0 

. .. ^Purchase. Cost. Vs. Guantity. Bought. Table) tsrilOOO 

' (Number Of and S Per Gomoonent) 

7 

A*12 Anticioatcd (Useful. Life) (Years) 

. 50 

A*13 (Salvage. Value) ($ Per Component) 

A«14 (Removal, And. Installation. Cost) (S/Comoonent) 



Note: The SAMIS computer program also prompts for the (Payment. Float. Interval) « the (Inflation. Rate. Table] . the 

(Equipment. Tax. Depreciation. Method)* and the (Equipment. Book. Depredation. Method}. In the USA SAMICS context* 
use 0.0. (1975 6.0 •). OQB. and SL. (The asterisk is a signal to the computer, not a referer^ce to a footnote.) 


JfL n037 S R 9/10 




f 




OWGlNAt PAG* IS 
OF POOR QUALITY 


focmit At hom% Oncriptioo (ComfwedI 
A*15 Proatu Rtf^tn? (From Front Sl^ Lim A \) 


P»9t; 


.Of. 


part 4 - DIRECT REPUmEMENTS PER MACHINE (FMllltl«l| OR PER MACHINE PER SHIFT (Ptrfcmri«n 
IFtelUty* Or, PffSonn<H Rtqulrifruml 

A-16 A*18 A*10 A-17 

Dt«)o9 NwmtMff Amoiint R*qu)rnd 

^ {ExPfW Itim Ptf M»chln« (P«r ShKi) Unit, RwtMlmmtm Dfrt«flptlon or Nimt 

(Amoont P#f, Mschlni#] 

sqF t fag,.tii£ing...apaca- 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE (SAMIS Wilt «ik flnt for ByproducDl 


(Qvproductl and [Utility, Or, Commodity Rtquir«m«fit) 


A'*70 

CaUloa Numbtf 
(Exp«ni« Ham 
Rtfarant) 

EG1036D 

“EXH33T3 


A-33 A>23 

Amount Ra<iUir«d 

Par Michlna Par Mlnuu Uniti 

[Amount, Par, Cycla) 

.47619047 


_ Alt 




Blade s/min 

:imnis5iEP5ixr 

Bach- 


i&csh^ 


A'21 

I Raqulramint DiKfiption or Nama 

Razor blades 

.,GlDv,e.s-catton.. 

JLa.bna.1 SN 

■I,ahQl». ^ . tt :o. U Q A ina 

JLi3.haI ,Wa,rjaj.n,g.^ 


K' at 8 - INTRA-INDUSTBV PRODUCT(S> REQUIRCD 


A*24 A-2B 

(Rtouirad, Product! [Yield) * 

(Rafer«f>ca| (%) 

POSLMCKT 1.0 


A-26 

Ratio) ** 0( 
Units Out/Unlu In 


m. 


A-27 

Uniti Of A*26** ' 

M ODULE/MQDULE 


A^25 

Product Nima 

trmlam 


mar^nco at 


*’100% minui parcanta^ of ra<)uirad product lost In thi$ procati, 

•*A«uma 100% yield hara, 

**^Ex«mplei: Moduiai/Ceil or CalltAVifar, 


n«v«nti *»o« 303741 R smo 




#9 


OF POOH quality 



SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 
■" 3^ FORMAT A — PROCESS DESCRIPTION 






ifT I'ROrt LStOV LAnORATOKY 

04* pt / rsn^itu, C»/|/ 9tt0i 


A*1 Proctti (Ref«rent) 
TERMSOD 


Note: Nemes given in bracket! { ) ire the names of proceu attributes 
requested by the SAMIS computer proc^am. 


A.2 (Dcicnoiive. Name! of Process SOldG JTinCf 


part t - PRODUCT DESCRIPTION 
A»3 (Product. Referentl SODTRXrUCS 

A4 D««mtiv.N.nHiiProduc.N.m.i Solder terminal lug to module 

A.6 Unit Of (Product. Units} 


PART 2 - PROCESS CHARACTEHISt ICS 

0 Loss 

A'fl (Output. Rate 1 (NotThruput) — .75 . Unit, (given on line A-S) Per Operating Minute 

A.7 Mnproceii. Inventory. TImel . _ 1^33333 Calendar Minutes fUaed only to compute 

In-process inventory) 

A-B (Duty, Cycle) 4 q/d Operating Minutes Per Minute 

o 

A^a iNumber. Of. Shifts. Per. Davl __ _ T Rhiff* 

Off 

A*8b (PirionncL Inteoenration. Override. Swiichl fOfforOni 

PART 3 - EQUIPMENT COST FACTORS (Machine Description) 

A.Q Comtxment (Referentl INDHTR 

A-9a Component iDescrimive. Name) Inducticil HGat63T 



VtO Base Year For Eauioment Prices (Price. Yearl 197 9 

. , . (Purchase. Cost. Vs, Quantity. Bought. Table) 10 0 0 0 

(Number Of and $ Per ComDonentl 

7 

A'12 Amitipated (Useful. Lifel (Vearil 

A«13 (Salvage. Value) (S Per Component) 100 0 

A-14 (Removal, And. InstaiUtion. Cost) ($/ComDoneni) 1000 



Note: The SAMIS computer program also prompts for the (Payment. Float. Inxtrvall * the (Inflation, Rale. Table) , the 

(Equinment, Tax. Depreciation, Method! , end the (Equipment, Book. Depreciation. Method) , In the LSA SAM ICS context, 
use 0.0, (107S 6.0 *), DOB. and SL, (The asterisk is a signal to the computer, not a reference to a footnote.) 


JPL 3037 s n e/so 




#10 


ORIGINAL PAGE 13 
OF POOR QUALITY 



1 SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS p.g, X of-2_. 

FORMAT A ~ PROCESS DESCRIPTION 

VrT rnoM LitoN LAnoHATony 

hthiuif ft Tfthfftftf 
04k C##i# Of t fufift Cfht 9II0S 


A»1 Prowti (Rtftr^nU 

HIPOT 


Nou: Namts given in brackets ( ) are the names of process attributes 
requested by the SAMIS computer program. 




PART 1 - PRODUCT DESCRIPTION 

A.3 IPfoduet. Rif.r.ntI HIPOTTEST 

Au D««.n..v.N.m.tP,odu«.N.™i Hx voltago pot test 

Unit Of Meaturft (Product. Units) , - 


PART 2 - PROCESS CHARACTE.RISTICS 

A.G (OLlput. Ritel {Not ThruautI 1*3333, llniti {giv.n nn lin. A.R> P.r Op.r.tinp Minute 

A.7 (inpror#tt. inu^ntory* Timal X7*25 Calendar Minutes (Used onlv to cocTPute 

Q » j- in*process inventory) 

A.fl fDuiv. Cvciel • ^ __ Ooeratino Minutes Per Minute 

3 

Aefli f Number. Of. Shifts. Per. Davl _ , Shifts 

A 8b (PmonncL InieaeriMtion. Override. Switch) . (Off or On) 

STrT 3 -EQUIPMENT COST ^ (Machine oiscriWonl 

A-9 Component (Referentl HIPOTTES 

A.9a Comoonent fDescriotive. Name) POt teSt 



A»10 Bate Year Far Equioment Prices (Price. Year] .1, 980 

A « 4 (Purchate. Cost, Vs. Quantity. Bought, Table) 1200 

{Number Of and S Per Component) _ 

A*1 2 Aniicioatcd (Useful. Life) (Years) 7 _ _ _ 

A«13 (Salvage, Value) ($ Per Component) 500 

A*14 fRemoval. And. Installtiion. Cost) ($/Comooncnt) ^ ® P _ __ 



Note: The SAMIS computer program also prompts for the (Payment. Float. Interval] , the (Inflation, Rate, Table) , the 

(Equipment, Tan, Depredation. Method) , and the [Equipment, Book. Depreciation. Method) . In the LSA SAM ICS context* 
use 0.0* (t97S G.O •}* DOB* and SL, (The asterisk is a signal to the computer, not a reference to a footnote.) 
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OiUClNA*. TA ' 

OF POOH QU ;’J«V 


Format A{ Procaii Dticriptfon (Contlnutd) 

A*1B Proctu RiUftnt (From Front Sjda Una A«1) 




.Of. 


HIPOT 


PART 4 - DIRECT REQUIREMENTS PER MACHINE (Pacilltifi) OR PER MACHINE PER SHIFT (PifKnotO 
(pKiiltv* Or. PtftonntI Rtpulramant) 

A*17 

Rac^iramant Datcrlptlon or Ntma 

Manufacturing Space 


A-16 

A*18 

A-10 

Caulog Numbir 

Amount Rtquirtd 


(Expama Itim 

Par Machina (Par Shift) 

Uniti 

Rafaraml 

(Amount Par. Machinal 


A2096D 

27.5 

SqPt 1 

iij /U4D 

1 

PerSons75Tmt“~ 


5iEaga25B3aia§ 


PART S - DIRECT REQUIREMENTS PER MACHINE PER MINUTE (SAAHS Will aiH ffnt for Byproducts) 
(Byproduct) and (Utility, Or. Commodity Raqulrtmant) 

A-20 A-22 A-23 , A*21 

Catalog Number Amount Raquirtd 

(Expamtitam Par Machine Par Minuta Units i Raduiramant Dascriptloo or Name 

Rafaram) (AnxHJnt Par, Cycle) 

C1032E .1 jn‘?h/iftin Electriaity 













PART S - intra-industry PROOUCT(S) REQUIRED 

A-24 A-28 A-28 • A-27 A*25 

(Rapuired. Pfoductl (Yield) * [Ideal. Ratio) *• Of 

(Rifcrancal (%} Umti Out/Uniu In Units Of A-2B*** Product Name 

SODTRLUG .995 1/1 MODULE/MODULE HIPOTTEST 




f««l»a«CQ BY DATE 


*100% minut ptrcan^ioa of rtpoirad product loit In thit proctM. 
•^Attuma 100% yield hera. 

•••Examplet: Modulet/Cell or Calli/Waftr. 


neyanae iioa JPL 303741 n vao 


s 



#12 


O^IGSMAl PAGr' 

OF POOR QUALITY 



SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


Pi^ of »4ii— 


FORMAT A — PROCESS DESCRIPTION 


;rr rnopt tsioff LAnOKAYOnv 

httutttr »/ 

0^1 C*«I0 Of C«ui ftlOJ 



Not*: Nim*s givin in brackeu ( ) art th« namt* of procfM attributtf 
riqufst*d by tht SAMIS computer program* 

A-2 | 0 »K..pitve. N»fTM>) of Procw* Framiny the module 

PART 1 - PRODUCT DESCRIPTION 

A-3 (Product. Rir»r*nt) FRAMMOD 

A-4 DMcfiptivf N»m« iP/oduct. N*m»l Framlny the, module 

A*6 Unit Of Meaiur* (Product, Unitil .-- ModU - JiO ' ■ ■ 

0 Loss 

Units (given on line A*5) Per Operating Minute 

Calendar Minutes (Used only to compute 
in*prpcess inventory) 

Operating -'^inutes Per Minute 
Shifts 
(Off or On) 

PART 3 -EQUIPMENT COST FACTORS (Machine Description) 


A*9 Component (Referent) 

A.9i ComfTonent (Descriotive. Name! WOOd. 

Fixture 

Flat Heater 




AOO Base Year For Equipment Prices (Price, Year) 

1980 

1980 


A*1 1 Quantity. Bought. Table) 

(Number Of and $ Per Component) 

2000 

300 


A*)2 Anticipated (Useful. Life) (Years) _ 

7 . _ 

7 


A‘13 (Salvage. Value) (S Per Component) 

1 nn 

1 no 


A'H (Removal. And, Installation. Cost) (S/Component) ^ ^ 

100 

100 



Note: The SAMIS computer program also prompts for the (Payment. Float* Interval) * the (Inflation. Rate, Table) , the 

(Equipment. Tax. Depreciation* Method! , and the (Equipment. Book. Depreciation. Method) . In the LSA SAMICS context, 
uteO O, (197S6.0 »), DOB, and SL. (The asterisk it a signal to the computer, not a reference to a footnote.) 


PART 2 - PROCESS CHARACTERISTICS 


A*6 (Output. Rate) (Not Thruput) 

A*7 (Inprocest. Inventory. Time) 6 ^ * Q 

A-8 (Outy.CvcI.l • 

A*6a (Number, Of. Shifts. Per. Day) 3 


A‘0b (Personnel. Integenaation, Override. Switch) 


A 


jpu 3037 s n a/ao 




OF POOR 


v:vx Vj 

q'jr;j7V 


Pormtt A; fnent D»«riptton (C«nlmn<J> 

A>IB Preen* n*(ir*nt (Prem Prant 8 id« Lln« A* 1 | 


Pig* . . 2 — 


FRAME 


PARH^iromECTRE^^ PBB MAaJwrfNomWnKf^^ 
(pMility> Or. Ptneimt) Riguiritnintl 
A -10 A <18 A *10 

CiUtog Numlitf Amwot Riqulrttl 

(C*p*M*lwm Pit Midiln* IPif Shih) Unit* 

R*f«ftn() (Ameuftt. P*r, Michlr**) 


A*t7 

» 

R«)olf*m«nt Diwiptlon er Niim 


A2096D 






.SaEJi 


Mann f acturing..SpA co- 


per aQn«/..Sh,1-ft — ft a aBmbly..-Modu..Tr» 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE (EAMI 8 will uk (Int for BViHOdueti) 
(Byproduct) and (Utllltv* Or, Commodity Rwlramtntl 


A .20 

Catiloc NumtHf 
(Bxptma lum 
Rtftrtnt) 

C1032B 


aHVMOi 


A -22 

Amount Rtquircd 
Ptf Machine Par Minute 
(Amount* Per, Cycle) 

,2892 


A >23 

Uniti 


A *21 

Requirement Oetcrfptlon or Name 


2.2857142' 


kWh/mln 

'Snrww/Tn-i n 


Electricity 


Sffri?v,.4a.7jaXQ414aj>«j^ 


PART S - INTRA-INDUSTRY PROOUCT(S) REQUIRED 


A *24 

A- 3 S 

A‘ 2 B 

A *27 

A «25 

[Required. Product) 
(Reference) 

[Yl.ldl • 
(%» 

(Ideal, Ratio) ** Of 
Units OutyUniu In 

UnlttOfA-S 8 *" 

Product N*m« 

DSFBUTYL 

1.0 

1/1 

MODULE /MODRAIL 

PRAMMOD 

^IPOTTEST ■ 






mcFAnco er 


OAre 


*100% mmuf percentacf of required product ioit In ihii procest, 
•*Auufr>e 100% yield here. 

***Examplei: Moduiet/Cell or CailtAVeftr. 


niventi £101 jfuapaa eno 



#11 


OKrif'A'’. [r 
Of- POOR QUAU/y 



1 SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 1 2 

3^ FORMAT A — PROCESS DESCRIPTION 

ifT rnoFi t mow LAnoMTOor 
Oi* Gfiii Of Cifil 


A»1 J*focm (Riferintl 
APIXBTYL 


%otf : Nim«i fiiven fn brick9ti ( ) irt tht nimtf of pfoetm attributH 
ffuqutited by tht SAMIS compyltr program. 


A .2 iD.«fin,iv..N,r«.iotProe«i^ Affix butvl to iTiodule frjOTes 


PART 1 - PRODUCT DESCRIPTION 
A>3 (Product, Ref«r«ni| DSPBUTYL 

A 4 D«cf.oiiv. N*m« [Product. N.m.i Dlspense butyl onto module f rEunes 

A.B Unit 01 M..jur. (Product. UMU) . 


PART 2 - PROCESS CHARACTERISTICS 

130 

A.7 jlr.pf£3A£5s. InvEHtGFy. Tirns) _ *7 ^ Calendar Minuses (Used onlv so comouie 

Q *7 c ln*pfocesi inventory) 

3 

A,fiA (Number. Of. Shifts. Per. Davl _ fihiiit 

A 8b (Pertdnnel. hUeoenzation. Override. Switch) Off fOfftsrOnl 

PART 3 -EQUIPMENT COST PACTOnS (Maelun. Oeteription) 

A .0 rnm«n.n, rp.r.,.„.i APPLICATOR DISPENSER DISPENSER 

A‘9a Comt»nent (Deicriotive. Name) _ DXSpGHSGr 

— 

1979 

A»10 Ba:s Year For Eouiomeni Prices (Price. Yearl _ _ 

(Purchase. Cost. Vs. Quantity. Bought. Table) '^crOOO 

* (Number Of and S Per Comoonenil _ _ 

7 

A*12 Anticioited (Useful. Life) (Years) 

A*13 (Sfilvagc* Value) ($ Per Component) ^ 

A»14 (Removal. And. Initaliation. Cost) (S/Comoonentl 800 



Note; The SAMIS computer program alto prompts for the (Payment. Float, Intervatl * the (Inflation. Rate. Table] « the 

(Equipment. Tax. Depreciation. Method) , and the (Equipment. Book. Depreciation. Method) . In the LSA SAMICS context* 
uie 0.0. (1975 6,0 *)« DOB. and SL. (The asterisk is a signal to the computer, not a reference to a footnote.) 


jrL 3037 s n s/eo 



oia': 


SrPOOR Q'JWirY 


FormitA: Fromt OmHptton {Contlnutd) 

A-16 Fromi Rifirtnt (From Front Sid# Un<\ A*t) 




•or. 


APIXB0?YL 


fART 4 «*• PIB£CT REQUmgM6HTS PttR MACHINE (Fiomtiee) OR FER MACHINE FER EHIFT ll^irtonpell 
(FiciKtv. Or, Ftnonnel Requlfiment) 

AME A*18 A*19 A*17 

Caulog Numbof Amount Rtqulrid 

(ExptmeUem Ftf MkHIo# (Ftf EhIftI Rtquirt mtnt OHerlptlon or Nim« 

Rf NrtntI {Amount Ft r. Machine 1 

^20960^ 252 .SgFt Mamfa_ctyrinq Spac«._^ 








FART 5 DIRECT REQUIREMENTS FER MACHINE FER MINUTE (SAMIS will Mk fint fpr Byproductt) 
(Byproduct) end (Utility, Or, Commodity Rtouiroment) 

A«20 A-22 A-23 A*E1 

Ceulog Number Amount Required 

(ETipemeltem Fer Mschino Per Minute Units ! Requirement Dfscription or Name 

Referent) (Amount Per, Cycle) 

C1032B .0621415 kWh/min Electricity 

C2032i? ,1 ^ ClPk ,Comprfi>Ba«d IvIt* 

,1)12;32d „ .02p26566 GR ^ .RdqL^Saal 

„„-Eia35I) , ^007142857,1,, Pair Gloyaa 










PART 0 - mTRA*INOUSTRy PROOUCT(S) REQUIRED 

A'24 A-28 V28 . A-27 A*25 

(Reqiiiftd. Product) (Yield)* (IdteJ, Jtio)**Of 

(Reference) (%) Units Out/UniU In Uniu Of A*2B*** Product Name 

" * ; 1 




msFAHco ev date ^ 


*1CX)^ mmu« p«rctnti9« pr riquirfd product iott in this proctia. 
**AMunr>« 100% yield here, 

***£ximpleft: Modulei/Cell or Celli/Weftf* 


fUVIMI tiOl 303741 n 9/10 



#13 


OF POOR QUALITY 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A — • PROCESS DESCRIPTION 


irr mofiuiON iAn«iiATQiir 

f-tit* 

0itt0 0* i ftr04f4 Csiit fitfii 


A»1 PfOCMI (R|fff«f t| 

CLEANMOD 


Noti: N&mti Qivm In bricHeti ( | irt iht mmn of pro9tM «uril»uttf 
rtqwHtid by tht SAM II computer progrimA 


A ’2 (Oeicfipuvt. Nim«) of Pfoceii ClQgui ontir® iTiodule 


PART 1 « PRODUCT DESCRIPTION 

A-3 IPfOduei. RiNrtntI CIiNMOD 

A-4 OMcripjivf niim (Pfoduet. Nimti Clean module 

A'6 Unit 01 Mtuur* (Product. Unitil ModUlS 

PART 2 - PROCESS CHARACTERISTICS 

A S (Output. Rite) (NotTiWupuU ,1 X-9 -QA 7^ 1 , 

193.2 


A*7 linprocm* Inventory. Time) 
A>6 (Outy. Cycle) 

A>Sa (Number. Of. Shifu. Per. Day) 


• 875 


A^8b (Perionnel. (ntegeruition. Override. Switch) yj* ^ 

PART 3^ EaUIPMENT COST FACTORS (Machine Deter iplioni 


0 Loss 

Units (given on lint A*5) Per Operating Minute 

Calendar Minutes (Used only to compute 
in>pfu^li inVtritwfy) 
Operating Minutes Per Minute 


(Off or On) 


A*9 Component (Referent) 

A^9a Component (Descriptive. Name) 


CLEANMOD 
Clean module 


A*10 Bail Year For Equipment Prices (Price. Year) 

* , A (Pufchise. Cost. Vi, Quintity. Bought. Table) 

* (Number Of and $ Per Component) 

A*12 Anticipated (Useful. Lift) (Years) 

A»V3 (Salvage. Value) (S Per Component) 

A*14 (Removal. And. Installation. Cost) (S/Component) 


1980 


Note; The SAMIS computer program alio prompts for the (Payment. Float. Interval) , the (Inflation. Rate. Table) . the 

[Equipment. Tax. Depreciation. Method] , and the [Equipment. Book. Depreciation. Method) . In the LSA SAMtCS eontexti 
useO O. U075S.0 •). DOB. and SI. (Yhe asterisk ii a signal to the computer, not a reference to a footnote.) 
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I 



I 


paqe is 

Or POOR QUALinr 


PeftmiA: Preom Dnwdnlpn (Contimml) 

A*]| PreoM n*(irtnt (Prom Prent Sid* Um A>1) 




CLEANMOD 


pS«T4H5mESTRCQUmeMeNT7p«r!^ 

(FKHIty. Of# FtnofW»d Rtqulr«m«nt) 

Ml 

ntqutrtmtm Hnorlptlon or Nim 


Mt 

A*ia 

A^IS 

(iiulog Numlrtr 

Amount Required 


(Expemo Item 

Per Mechlne (Per Shift) 

Unite 

Referent) 

(Amount Per* Meohlne) 


A2096D 

44 

SqFt i 


--Jt 



ai : T n tnqi C3i»irgt Bi 


HL 


PART a - DIRECT REOUtREMENTS PER MACHINE FIR MINUTE 
(BypfOdyct) if>d (Utility* Or* Commodity Rtquirim«nt) 


A.20 

C4tilog Numbtf 
(Exp<ns»ltim 
Rtfirim) 

EG1036O 

1ST25 3 TT 


A*22 

Amount fltquimd 
Per Michine Ptf Minute 
(Amount* Per, Cycle) 

.11904761 
70r0 9 ' 5 23 8 09 5 
TmmTjmww 




(SAMIS will Mk (Int (or Byprodueti) 

A-21 

R*<|i<lr<iTMnt DHoriptlon or Nim* 


Pair 


Razor 
"~PT^ 


bladas 






Sac. 


B&s. 

i 


i5lQ.Yaa,...P.l&tad! 

-GlQ.vea .Rubber ...thin. 


Terminal auprogt. 


PART 8 - INTRA.INDUSTRY PROOUCT(S) RGQUIRED 


A*24 

(Required. Product) 

A'38 
(Yl»ld| * 

A*2G 

(ld«il, Ritlol ** *** Of 

A-27 

A'26 

(R.fer.nc*) 

(%) 

Unite Out/Units In 

UnitiO(A.26*“ 

Product Nem# 

PRAMMOD 



MOD/MOD 

■BSM 


rntPAfico ey 


oAfe 


*100% mmui peroenuo* required product lost in thii proceei. 

*• Auume t00% yield here. 

***Exemplti; Modulet/Cell or Celli/Wifef» 


nivcMiliOfjr'U 30^741 n %m 




MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU OF STANDARDS 
STANDARD REFERENCE MATERIAL 1010a 
{ANSI and ISO TEST CHART No. 2) 







#14 


OF FOOR Q^iiLlTY 



SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 
—3^ FORMAT A — PROCESS DESCRIPTION 


Pag«. 


.of: 


jrt rnorvLitos LAnoRATonv 

0^4 Cftit Of t Cfl%t PttO) 


A*1 Proc«« (Refcreiit) 

PINTEST 


Note: Nimes given In brackeii ( 1 ere the name* of process attributes 
requested by the SAMIS computer program. 


A.9 (Descriptive. Name) q# Process , Pineal SlGCtriCQ-l t6St 


PART 1 - PRODUCT DESCRIPTION 
A.3 IProduet. Referentl 

A-4 Descriotive Name (Product. Name) Test lUOdulG fOIT rating 

. e ^ .... Module 

A.B Unit Of Measure (Product. Units] , __ 


PART 2 - PROCESS CHARACTERISTICS 

.41493775 Loss . 5/120. S 

A-6 (Output. Rate) (Not Thruputl • ° 3 ' J- 'i ^ 0 3 UnU, (gj,,gn n^g p*, operating Minute 

26 833335 

a.7 finprocess. Inventory. Time! _ _ __ Calendar Minutes (Used onlv to comDUte 

^ g y 5 In-process Inventory) 

A-a (Dutv. Cvcle) * _ _ Ooeratina Minutes Per Minute 

3 

A,fla IMumber. Of. Shifts. Per. Davl _ Shifts 

A'8b (Personnel. IntcQcrlzation. Override. Switch! Off (Off or On! 

PART 3 - EQUIPMENT COST FACTORS (Machine Description) 

A"9 Comoonent IReterent) ^ INTESTER 

A*9a Comoonent (Descrlotive. Name) 



A*10 Base Year For Eauioment Prices (Price. Yearl 1980 

. .. (Purchase. Cost. Vs. Quantity, Bought. Table) 1 tennon 

(Number Of and S Per Comoonontl XDUUUU 

A-12 Anticioated (Useful. Life) (Years) ^ 

A'13 [Salvage. Value) |$ Per Component) 40000 

A*14 (Removal, And. Installation. Cost) (S/Comoonent) 1000 



Note: The SAMIS computer program also prompts for the (Payment. Ploai. Imervall , the (Inflation, Rate. Tablel , the 

(Equipment, Tax, Depreciation. Method) . and the (Equipment, Book, Depreciation. Method) , In the LSA SAMICS context, 
use 0.0, (1975 6.0 •). DDB, and SL (The asterisk is a signal to the computer, not a reference to a footnote.) 
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' n 


OF POOR 


PfiCF- 

quauty 


% 


Format A; Proctii Dticfipticm (Continutd) 

A»15 Proctu Hiftrant (From Front S(dc Lint A*1) 


2 2 

P»9« Of^ 


FINTEST 


part 4 - OIRr.CT REQUIREMENTS PER MACHINE (FMilltlfi) OR PER MACHINE PER SHIFT (Parwnnall 
(Fk lUy. Of. Penonnal Rtqulff manti 

A*18 A*18 A«19 A-17 

Caulog Numbtr Amount Raqulrtd 

(E^pamt (tarn Par Machlna (Par Shift) Unit* Raqulran^ant Daicriptlon or Nama 

Rafarant) (Amount Par* Machlna) 

A2096D 204 SqPt Manufacturing Space 

T Pe'ifaons/snxft Digital comp 


B2080 I' 




;Qr,- 


r>ABT 5 - DIRECT REQUIREMEm^. PER MACHINE PER MINUTE (SAMIS will uk fint for Bypro<lucts| 
(Byproductl ind (Utility. Or. Commodity R«tuii.mwit| 


A-20 

Catalog Numbar 
(Expania Itam 
Ra(arant) 

C1032B 


aiiUlcJFl*: 


E1375D 


A-22 

Amount Baquirad 
Par Machlna Par Mlnutf 
(Anwunt Par, Cycla) 

.048 

.QQ714285Tr 

.23809523 


A-23 


Unit! 


KWh/min 

Pair/Mia 

Label/Min 


A-21 

Raquiramant Daacrlptlon or Nima 

Electricity 

Gl.nvea-nnttnn, 

Tifahel . cnlor 


PART 6 - INTRA-INDUSTRY PRODUCT(SI REQUIRED 


A-24 

(Required, Product) 
(Raferanca) 

CLNMOD 


A*28 
(Yield! • 
(%) 

.99u 


A-20 

(Idttl. R.tlol ** Of 
Unit. Out/Unitt In 

x /1 


A-27 

UnIttOf A-26*** 

MODULE/MODULE 


A*25 

Product Nama 

MODTEST 


mepArtco ay 


minut parcantaga of raquirad product tost In this process. 
••Auuma 100% yield here. 

•••Examples: Modules/Call or Callf./Waftr. 


ne VC nse s«oe jpu 30*74 n */ao 




#15 


OF POOR QUALITY 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 
— ^ FORMAT A — PROCESS DESCRIPTION rrr 


Pige-l-ofL 


jrr rwort’L$lo^^ LAnoRAtoRr 

IntlitMtf »t Ttthn4(*n 

mHik\ O0i Ctti* Of / f4i*J$n4. C*hl 9U0J 


A’1 Proceji (Ref«rent) 

PACKG 


Note: Names given in brackets [ ) are the names of process attributes 

requested by the SAMIS computer program. 


A‘2 (Deirrjptive. Name) of Process . 


Packaging modules in carton 


PART 1 - PRODUCT DESCRIPTION 
A-3 IPfoduct. Referenil PAKMOD 
A4 Descriptive Name (Product. Name) ^ 


Pack modules in carton 


Carton 


A*S Unit Of Measure (Product, Units) _ . 

PART 2 ^PROCESS CHARACTERISTICS 

A‘6 (Output, Rate) (Not Thruput) * 

_ H . T- I 90.785714 

A*7 (Inprocess, Inventory. Time) 

.875 

A^ (Ouiy,Cvdel 

A-ea (Nutr,oer. Of. Shifts. Per. Day) ^ 

A'8b (Prrionnel, Integerisation. Override. Switch) 0^^ 
PART 3 -Equipment cost factors (Machine Description) 
A*9 Component (Referent) 

CfT 17 \r 

A’9a Component (Descriptive, Name) 

AOO Base Year For Equipment Prices (Price, Year) ? 

. . . (Purchase, Cost, Vs. Quantity. Bought. Table) 

’ (Number Of and $ Per Component) 

A02 Anticipated [Useful. Life) (Years) 

A*13 (Salvage, Value) ($ Per Component) 

A*14 (Removal, And, Installationi Cost) (S/Component) 


9.67742% Loss 

_ Units (given on line A*6) Per Operating Minute 

Calendap Minute* (Used only to compute 
Improcess Inventory) 
Operating Minutes Per Minute 

Shifts 

(Off or On) 


STAPLER Bander 



1980 

1980 

500 

180 

7 

7 

400 

20 

0 

0 


Note: The SAMIS computer program also prompts for the (Payment, Float, Interval) , the (Inflation, Rale, Table) , the 

(Equipment, Tax. Depreciation. Method) , and the (Equipment, Book, Depreciation. Method) , In the USA SAMICS context, 
use 0.0, (197S 6.0 •), DOB, and SL, /The asterisk is a signal to the computer, not a reference to a footnote.) 
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fV 


Format A; Proow* Owcrlptfon (:;ontInuid) 

A*15 Ptoc*u Rafarant (From Front Sld« Lint A»1| 


ORIGINAL PAGE IS 
OF POOR QUALITY 


PACKG 


2 2 


PART 4 - DIRECT REQUIREMENTS Nr MACHINE (FwllltM OR PER MACHINE PER SHIFT {Ptrwnn«l) 

(pMlIlty. Or. PtnoftrMi Rtqulram«ntl 

A-18 A-18 A»18 A-17 

Ciuloq Number Amoum Rtqulrtd 

(ExpwMswm P»rMechln«(PtrShlft| Unit* R»qulf»ni*nt D««lptlon or N*m* 

RafaranO [Amount. Par. Machinal 

A2096D _5?4 ^ SqP^ _ Manufacturing... Space.., .. 

.Persons/Shlft . Inspeei*_cm «.ya+;iyn[i 







PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE (SAMIS will aak firtt far Byproduett) 

(Byproduct! and [Utility* Or. Commodity Raqulrtmartt) 

A-20 A-23 A-21 

Catalog Numbtf Amoum Raqulrad 

(Expansa Ittm Par Machina Par Mlnuta Units i Raqulramant Otscriptlon or Nam# 

RaCarant) (AnrKsunt. Par. Cycla) 

C1032B _.0041427666 kWh/min _EI.e.C-tri.ci.ty.___ 

- CFM _ 

.g.iya.ob i._ .. ..staple 

... ,1^580KA5 ... . .. Sets ... finv*- .<Jj=4-..cf .. ... .. 

^ • u Bands 





' * 




PART S - INTRA-INDUSTRY PRODUCT(S) REQUIRED 

A-24 A-28 A-26 A-27 A-26 

(Rtquired. Product) lYleld) * (ld.»l. Ratio) ** Ot 

(Rtferanc) (%) Unit* Out/UniU in Un«f* Of A>26*** Product N?m.) 

MODTEST 1.0 1/4 CARTON/MODULE PAKMOD 




miEFAMeo ?* date 


*100% minus paroamaga of raqulrad product lo<t In this procas*. 
**Aiiume i00% yield hart, 

®*°Exar»<plaiJ Modulcs/CcU or CalU/Wafar. 


nivenss a*oc jf»L3o:si‘^4 n s/io 


